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AVIS  AUX  LECTEURS 


Les  ANNALKS  GUKBHAKL-SKVEKINE,  bulletin  de  recher- 
ches  scientifiques,  sont  envoyées  gratuitement  à  toute  per¬ 
sonne  qui  en  fait  la  demande  à  l’INSTITUT  ADRIEN 
GUKBHARD-SÉVERINE,  Neuchâtel  (Suisse),  rue  du  Seyon,  4. 

Ce  bulletin,  répandu  dans  35  pays  de  FUnion  postale  uni¬ 
verselle,  est  mis  à  la  disposition  des  chercheurs  de  tous  les 
pays  pour  la  publication  de  travaux  scientitîques. 

Les  mémoires  dont  la  publication  sera  demandée,  peuvent 
être  rédigés  dans  les  langues  française,  allemande,  anglaise 
ou  italienne. 

Le  comité  directeur  sollicite  plus  particulièrement  des 
collaborations  dans  les  divers  domaines  des  sciences  physi- 
(/ues,  notamment  sur  les  problèmes  naguère  étudiés  par  Adrien 
Guébhard  (J)emanderles  extraits  des  Programmes indieateurs 
à  FInstitut).  Il  sera  reconnaissant  à  toute  personne  qui  lui 
signalera  les  travaux  scientilîques  publiés  dans  d’autres 
revues  et  intéressant  ces  sujets,  ou  qui  lui  en  adressera  des 
exemplaires  tirés  à  pai’t. 

L’INSTITÜT  ADRIEN  GUÉBHARD-SÉVERINE  offre  aux 
collaborateurs  de  son  bulletin  les  avantages  ci-après  :  Il  met 
à  leur  disposition  un  nombre  élevé  d’exemplaires  tirés  à 
part;  il  prend  à  sa  charge  les  frais  d’impression  et  tout  ou 
partie  des  trais  d’illustration  ;  il  offre  de  publier  éventuelle¬ 
ment  le  travail  en  deux  langues. 

Les  ANNALES  GUÉBHARD-SÉVERINE  se  proposent  en¬ 
core  de  servir  d’intermédiaire  entre  les  chercheurs  qui 
s’intéressent  aux  matières  des  Programmes  indicateurs  sus¬ 
mentionnés. 


Voir  pages  S  et  h  de  la  couverture  /e.s-"somiiiaii‘es  des  derniers 
numéros  des  ANNALES  GUÉBHARD-SÉVERINE 
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Extrait  des  ANNA  LES  G  U  É  B  HA  R  D-SÉVERIN  E 

Neuchâtel,  lOme  armée  (1934) 


L’ALCHIMIE  A  L’ÉPOQUE  DU  DANTE 

par  Julius  Ruska,  à  Berlin 


Il  y  a  .une  année,  je  tentais  de  montrer  comment  l’alchimie  arabe, 
'aussi  bien  sous  sa  forme  philosophique,  qui  est  celle  de  l’Orient,  que  sous 
sa  forme  allég:orique  et  mystique,  celle  de  l’Egypte,  avait  pénétré  d’abord 
en  Espagne  maure,  puis,  par  le  canal  des  traductions  latines,  dans  l’Oc¬ 
cident  chrétien.  C’est  grâce  à  ces  traductions,  presque  toutes  anonymes, 
qu’à  partir  du  XII™®  siècle,  l’Europe  intellectuelle  a  connu  un  grand 
nombre  d’ouvrages  d’auteurs  arabes  traitant  soit  d’alchimie,  soit  de  mathé¬ 
matiques,  d’astrologie,  de  médecine  ou  de  philosophie.  Du  même  coup,  le 
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monde  ehrétien  recevait  un  reflet  de  la  science  <»;reec(ne,  alors  ])res(jiie 
eoni[)lèt(‘nieni  oubliée,  rendant  des  siècles,  et  jns(jn’aii  déclin  de  l’al- 
eliimie,  c’est-à-dire  jns<jn’an  XVII""  siècle,  ces  traductions  f  urent  les  sources 
principales  où  puisèrent  tous  ceux  qui  voulaient  écrire  sur  cette  matière.  Ce 
n’est  que  de  nos  jours  qu’on  a  commencé  à  mettre  en  lumière  les  auteurs 
arabes, à  en  étudier  l’iinportance  et  les  raports  réciproques,  ce  (jui,  enfin, 
permettra  de  comprendre  pins  sûrement  les  écrits  des  auteurs  latins. 

Dès  le  XI1I'"<^  siècle,  en  outre  des  traductions  nous  voyons  apparaître 
des  ouvraoes  originaux  en  langue  latine:  adaptation  libre  d’après  l’arabe, 
ou  traités  tout  nouveaux,  que  l’on  attribuait,  dans  les  débuts,  à  des  auteurs 
arabes,  plus  tard  à  tel  grand  scolastique.  L’exemple  le  plus  célèbre  de 
cette  sorte  d’ouvrage  est  la  Summa  Perfectionis  Magisterii^  recueil  des 
recettes  servant  à  la  confection  de  l’élixir,  qui  fut  attribuée  au  grand  al¬ 
chimiste  arabe  Geber.  11  y  a  quelques  années  à  peine  on  pensait  encore 
qu’il  s’agissait  là  de  la  traduction  d’un  ouvrage  authentique.  Mais  si  l’on 
avait  alors  demandé  des  preuves  de  cette  authenticité,  l’historien  de  la 
chimie  n’aurait  pu  alléguer  (jue  le  nom  de  Geher  figurant  au  titre  du 
traité.  Car,  tant  qu’on  ne  possédait  pas  même  une  seule  ligne  du  texte 
arabe,  l’examen  critique  était  impossible. 

Le  français  Bekthelot  a  le  mérite  d’avoir  été  le  premier  à  éditer  avec 
l’aide  de  quelques  orientalistes  français,  des  textes  authentiques  de 
Geher;  c’était  préparer  le  terrain  à  la  critique.  Enfin,  après  son  édition 
d’une  traduction  latine  de  quelques  fragments  des  Septante  Livres,  c’est- 
à-dire  d’vin  des  ouvrages  les  plus  importants  qui  soient  authentiquement 
attribuables  à  Geher,  on  pouvait  dire  dès  1903,  que  les  documents  étaient 
suffisamment  nombreux  pour  résoudre  le  problème  gébérien. 

Pour  démontrer  que  la  Somme,  de  même  que  certains  opuscules 
latins  attribués  à  Geher,  ne  sont  pas  authentiques,  on  pouvait  arguer 
soit  du  fond,  soit  de  la  forme.  Quant  au  fond,  qui  était  bien  étonnant, 
tant  qu’on  admettait  l’authenticité,  on  concluait  forcément  que  les  Arabes 
du  temps  de  Charlemagne  avaient  une  connaissance  plus  approfondie  des 
processus  chimiques  que  les  alchimistes  chrétiens  de  la  fin  du  moyen  âge. 
Mais  si  l’on  hésitait  à  accorder  aux  Arabes  les  expériences  consignées  dans 
la  Somme,  ces  doutes  restaient  sans  preuves  puisqu’on  ignorait  ce  que  pou¬ 
vaient  contenir  les  texte  authentiques.  Cependant  même  il  y  a  trente  ans, 
le  fond  aurait  déjà  permis  de  trancher  la  question  :  il  aurait  suffi  de  com¬ 
parer  les  doctrines  de  la  Somme  avec  celles  des  Septante  Livres.  Si  l’on 
s’était  donné  la  peine  de  faire  cette  comparaison,  on  aurait  constaté  que 
la  Somme  ne  souffle  pas  mot  des  doctrines  qui  sont  propres  au  véritable 
Geber,  et  inversément,  que  les  Septante  Livres  ne  disent  rien  de  ce  qui 
est  l’essentiel  de  la  Somme.  Du  même  coup,  on  aurait  découvert  que 
l’auteur  de  la  Somme  ne  savait  rien  de  Geher,  et  qu’il  ne  s’est  servi  de  ce 
nom  célèbre  que  pour  auréoler  son  propre  ouvrage  d’une  gloire  à  demi 
légendaire. 


L’étude  comparative  des  styles  aurait  permis  d’arriver  aux  mêmes  ré¬ 
sultats.  La  preuve  eût  même  été  encore  plus  décisive,  à  condition  toute¬ 
fois  (l’être  faite  selon  les  méthodes  criticjues  indispensables. 


11  n’est  certes  {)as  nécessaire  d’avoir  étudié  l’Jiistoire  de  l’art  ])our  dis- 
tinoiier  le  style  d’nne  cathédrale  gothi(jne  de  celui  d’nne  mosquée.  Le 
profane  le  moins  averti  apercevra  des  dilïérences  même  beaucoup  moins 
orosses.  De  même  il  ne  faut  pas  être  «irand  clerc  pour  reconnaître  le  style 
et  la  langue  (^riin  L n  t  lier  on  ceux  d’un  Goethe  et  d’un  L e  s  s  i  n  g.  Eh  bien, 
c’est  avec  la  même  sûreté  qn’on  pourra  faire  la  distinction  entre  les  carac¬ 
tères  de  style  et  de  langage  d’nne  traduction  de  l’arabe  et  ceux  d’un 
ouvrage  original  écrit  en  iatin  du  X1I1"“^  siècle  :  il  suffit  pour  cela  de  savoir 
l’arabe.  Alors,  à  travers  le  voile  de  la  traduction  latine,  on  devinera,  on 
pressentira  pour  ainsi  dire  le  vocabulaire  et  la  syntaxe  arabes,  de  même 
([lie  dans  la  Somme  on  ne  manquera  jias  de  reconnaître  le  latin  nettement 
scolastique,  ainsi  ([ne  la  formation  tonte  scolastique  de  l’auteur.  Ceux  qui 
nieraient  cela  seraient  comme  une  personne  sans  culture  musicale  qui 
n’arriverait  pas  à  faire  de  différence  entre  Beethoven  et  Wagner. 

Une  fois  le  fait  établi  que  la  Somme  est  un  ouvrage  latin  du  bas 
moyen  âge,  nue  foule  de  problèmes  nouveaux  viennent  se  poser  :  où  et 
([iiand  a-t-elle  été  écrite,  quel  en  est  l’auteur,  quelles  en  sont  les  sources; 
en  un  mot,  on  faut-il  la  situer  dans  l’iiistoire  de  l’alchimie  ? 

Malbenreusement,  le  problème  n’est  pas  si  simple  à  résoudre  qn’on 
pourrait  le  croire.  L’auteur  déploie  une  adresse  étonnante  à  dissimuler 
tout  ce  ([ui  ])ourrait  trahir  sa  personnalité,  son  temps,  et,  ce  qui  est  plus 
grave.,  ses  sources  mêmes.  Pour  déterminer  l’époque  de  la  rédaction,  il  ne 
reste  [ilus  que  cette  double  méthode  :  trouver  des  ouvrages  dont  l’époque 
soit  déterminée  et  contenant  des  passages  qui  soient  ou  bien  cités  dans  la 
Somme  ou  bien  tirés  de  celle-ci.  On  obtiendra  ainsi  un  terminus  post  quem 
et  un  terminus  ante  quem. 

Ce  ([ui  rend  cette  méthode  plus  difficile  à  appliquer,  c’est  que  les  al¬ 
chimistes  avaient  coutume  cLattribuer  leurs  traités  à  d’autres  auteurs. 

Les  ouvrages  authentiques  d’A  1  b  e  r  t  le  Grand,  de  Roger  Bacon 
ou  d’autres  scolasti([ues  n’offrent  aucun  emprunt  fait  à  la  Somme  :  il  faut 
en  conclure  cpie  cette  dernière  doit  être  postérieure  à  l’année  1280  ou 
même  1300.  D’autre  yiart,  la  Margarita  Pretiosa  de  Petrus  Bonus,  ré¬ 
digée  vers  1330,  contenant  de  nombreuses  citations  tirées  de  la  Somme,  il 
en  résulte  que  celle-ci  devait  être  assez  répandue  dès  1325  au  plus  tard. 
J^a  manière  parfaitement  logique  dont  les  matières  y  S(jnt  exposées  fait 
également  penser  à  la  fin  du  XMl"'®  ou  au  commencement  dn  XIV”“^  siècle. 
(7est  là  un  avantage  que  l’auteur  devait  à  sa  formation  scolastiipie  et  dont 
il  était  naturellement  conscient:  il  ne  mamyue  pas  de  le  relever  en  louant, 
dans  un  autre  traité,  le  style  pbilosophi([ue  et  théorique  de  la  Somme.  Le 
fond  et  la  forme  de  la  Somme  ne  s’expli([uent  donc  que  par  l’évolution  de 
l’alchimie  latine  au  XIIl'"*^  siècle,  c’est-à-dire  par  l’émancipation  progres¬ 
sive  des  alchimistes  chrétiens  à  l’égard  de  leurs  modèles  arabes. 

\  ovons  [)lus  en  détail  le  contenu  et  le  plan  de  la  Somme.  La  traduc¬ 
tion  de  Darmstaedtkk,  faite  sur  une  édition  imprimée  de  Nuremberg  (1541), 
se  divise  en  deux  livres,  dont  le  premier  comprend  (yuatre  parties,  le 
second  trois.  (7est  à  ce  ydan  ([ue  remontent  les  plans  parfois  divergents 
d’autres  éditions  manuscrites  ou  im|)rimées. 


La  première  partie  (lu  livre  premier  énumère  les  obstacles  qui  peuvent 
arrêter  l’alcliimiste  débutant.  Ce  sont  soit  des  infirmités  du  corps  ou  de 
l’esprit,  soit  diverses  circonstances  extérieures.  Même  si  toutes  les  condi¬ 
tions  requises  sont  remplies,  il  faut  encore  que  l’alchimiste  ait  une  forte 
connaissance  de  la  philosophie  naturelle  et  surtout  de  la  pratique  et  de 
l’expérience. 

La  deuxième  partie  sert  à  réfuter  les  ignorants  qui  nient  l’alchimie 
soit  a  priori,  soit  en  partant  de  prémisses  erronées.  On  sent  nettement  que 
l’auteur  se  complaît  à  la  dispute,  on  devine  avec  quel  plaisir  il  manie  le 
syllogisme  scolastique. 

La  troisième  partie  initie  le  lecteur  aux  problèmes  fondamentaux  du 
grand  art.  Il  s’agit  d’abord  de  la  composition  des  métaux.  L’auteur  déve¬ 
loppe  l’antique  théorie  du  soufre  et  du  mercure;  il  la  modifie  cependant 
en  introduisant  l’arsenic  à  titre  de  troisième  élément.  La  description  des 
trois  éléments  est  suivie  de  celle  des  métaux.  La  manière  dont  les  élé¬ 
ments  se  combinent  pour  composer  les  métaux  ne  sera  décrite  qu’au  livre 
second;  ici  la  description  commence  par  une  sorte  de  diagnostic;  elle  con¬ 
tinue  par  des  indications  sur  les  affinités  et  sur  les  diverses  combinaisons 
qui  peuvent  avoir  lieu  entre  les  corps. 

Le  livre  premier  est  couronné  par  la  quatrième  partie,  où  l’auteur  dé¬ 
crit  les  opérations  ainsi  que  les  fourneaux  et  les  ustensiles  qui  y  sont  néces¬ 
saires.  Les  opérations  sont  celles  qu’on  connaît  :  sublimation,  calcination, 
dissolution,  coagulation,  fixation  et  cération.  La  sublimation,  qui  est  l’opé¬ 
ration  la  plus  importante  et  la  plus  difficile,  fait  l’objet  de  dix  chapitres. 
Elle  porte  sur  le  mercvire,  le  soufre,  l’arsenic,  la  marcassite,  la  magnésie, 
la  tutie;  les  procédés,  les  fourneaux,  les  récipients  sont  différents  pour 
chacun  de  ces  corps;  suivant  les  cas,  on  ajoute  certains  adjuvants  :  sels  ou 
chaux  métalliques.  Le  mercure  se  sublime  afin  «  d’être  débarrassé  de  ses 
caractères  terreux  et  a(]ueux  ».  Dans  d’autres  cas,  il  s’agit  de  séparer  des 
parties  de  finesse  on  de  substances  différentes.  On  se  rend  compte  que 
l’auteur  se  sert  de  la  théorie  des  quatre  éléments  et  d’autres  idées  con¬ 
fuses  pour  tenter  d’expliquer  des  phénomènes  dont  il  ignore  complètement 
la  vraie  nature. 

Arrivé  au  livre  second,  l’auteur  passe  à  la  théorie  des  esprits,  c’est- 
à-dire  des  corps  volatils  :  mercure,  soufre  et  arsenic,  puis  à  celle  des  six 
métaux  connus.  L’absurdité  de  ses  théories  éclate  dans  ce  détail  :  quoi¬ 
que  considérés  comme  éléments,  les  esprits  n’en  sont  pas  moins  composés 
de  trois  substances  :  une  substance  terreuse,  une  substance  combustible, 
et  une  substance  moyenne,  cette  dernière  ayant  la  vertu  de  purifier  les 
métaux.  Les  propriétés  des  métaux  s’expliquent  par  la  manière  différente 
dont  les  éléments  les  composent.  Il  n’y  a  guère  de  phénomène  connu 
dans  la  métallurgie  de  l’époque  et  que  notre  auteur  ne  s’empresse  d’ex¬ 
pliquer  par  une  de  ses  théories. 

Le  couronnement  du  livre  second,  c’est  la  deuxième  partie,  où  sont  trai¬ 
tés  les  remèdes  qu’il  faut  appliquer  aux  métaux  imparfaits  pour  les  rendre 
parfaits  par  l’addition  de  ce  qui  leur  manque  et  la  suppression  de  ce  qu’ils 
ont  de  trop.  C’est  là  aussi  que  l’illusion  et  l’erreur  atteignent  leur  comble. 


])iiisque  nous  pouvons  y  lire  que  rauteur  a  découvert  dix  de  ces  remèdes,  et 
même  qu’il  eu  a  inventé  un  qui  peut  à  la  fois  durcir  les  métaux  mous  et  amol¬ 
lir  les  métaux  durs,  fixer  les  métaux  volatils  et  donner  une  beauté  indescrip¬ 
tible  au  métal  le  plus  laid.  Nous  avons  de  la  peine  à  compi-endre  aujour¬ 
d’hui  qu’un  auteur  qui  prétend  être  pris  au  sérieux  aille  jusqu’à  avancer 
([u’il  a  trouvé  un  secret  permettaut  de  transformer  indéfiniment  le  mercure 
en  or  et  en  argent  véritables. 

Quel  contraste,  si  nous  passons  de  ces  impostures  à  l’exposé  réaliste 
de  la  troisième  et  dernière  partie,  qui  traite  des  diverses  manières  d’es¬ 
sayer  les  métaux  !  Ces  chapitres  contiennent  plus  d’observations  positives 
que  toutes  les  théories  ensemble.  Il  paraît  même  possible  que  l’auteur 
ait  pratiqué  lui-même  la  métallurgie;  en  tout  cas,  il  fait  preuve  ici  du 
même  don  d’observation  que  dans  les  précédentes  descriptions  de  métaux. 
Mais  s’il  n’indique  jamais  ses  sources,  il  ne  faut  pas  s’y  tromper  :  presque 
partout  et  surtout  dans  ses  développements  théoriques,  notre  auteur  n  a 
pas  inventé,  il  n’a  fait  que  continuer  rancieune  et  traditionnelle  pensée 
des  alchimistes. 

Passons  maintenant  à  une  autre  œuvre  de  la  même  époque,  qui, 
pour  la  solidité  du  plan,  peut  fort  bien  se  comparer  à  la  Somme,  mais  qui, 
par  l’argumentation  et  la  manière  de  présenter  les  choses,  s’oppose  nette¬ 
ment  à  l’ouvrage  que  nous  venons  de  traiter.  Nous  voulons  parler  de  la 
Margarita  Pretiosa  Novella,  c’est-à-dire  la  Nouvelle  Perle  Précieuse,  que 
nous  avons  déjà  signalée  en  passant.  C’est  une  introduction  à  l’alchimie, 
achevée  en  1330  à  Pola  d’Istrie,  par  maître  Petrns  Bonus  de  Ferrare, 
médecin. 

Un  premier  fait,  qui  doit  être  apprécié  à  sa  juste  valeur,  c’est  que  le 
titre  de  cet  ouvrage  d’alchimie  indique  le  nom  et  l’état  de  l’auteur.  Mal¬ 
heureusement,  il  semble  que  nous  ne  sachions  rien  de  plus  sur  cet  homme 
que  ce  qu’indique  l’explicit  de  son  ouvrage.  Pour  connaître  l’homme  lui- 
même  et  l’étendue  de  ses  connaissances,  nous  ne  possédons  que  ce  qu’il 
a  écrit. 

Par  bonheur,  la  Perle  Précieuse  contient  presque  à  chaque  page  une 
foule  de  citations  empruntées  à  des  philosophes,  des  alchimistes  et  des 
médecins,  ce  qui  permet  de  se  faire  une  idée  des  études  auxquelles  P  e  t  r  u  s 
B  O  n  U  s  s’est  livré. 

Qu’il  ait  été  médecin,  c’est  ce  qui  ressort  clairement  de  ses  citations 
de  G  ali  e  n  et  du  Canon  d’A  v  i  c  e  n  n  e,  mais  surtout  des  nombreux  emprunts 
qu’il  fait  à  la  zoologie  d’Aristote  pour  étayer  ses  théories  d’alchimiste. 

Certaines  observations,  intéressantes  aussi  par  leurs  détails  géogra¬ 
phiques,  laissent  penser  qu’il  était  au  courant  de  l’exploitation  des  mines, 
ainsi  que  de  la  pratique  chimique.  Ainsi,  il  explique  que,  dans  la  région 
<le  Constantinople,  on  calcine  certaines  pierres,  qn’ensuite  on  dissout  et 
cuit  dans  l’eau,  afin  d’en  tirer  l’alun  de  Rocca  et  d’Alap,  c’est-à-dire 
d’Edesse  et  d’Alep.  Ou  bien  il  rapporte  que  dans  certaines  mines  de  plomb 
ou  d’étain,  on  trouve  de  l’argent  qui,  à  l’essai,  se  révèle  parfaitement  pur. 
Il  dit  encore  que  dans  le  royaume  de  Serbie  ou  en  Slavonie,  les  mines 
d’argent  contiennent  de  l’or  qu’on  ne  reconnaît  pas  immédiatement,  mais 


(|ue  le  soufre  peut  servir  ensuite  à  séparer  de  l’argent.  Il  ajoute  qu’en  Alle- 
inaj>ne  aussi  on  a  observé  de  tels  |)assao;es  de  métal  à  métal,  ce  qui  permet, 
dit-il,  de  penser  (pie  tous  les  métaux  sont  en  per])étuelle  transformation. 

\(Iais  e’est  la  t<jut  ee  (pi’on  [)eut  trouver  de  positif  dans  un  volume  de 
200  pa«es  d’impression  compacte;  on  voit  que  ee  qui  fait  la  force  de  l’au¬ 
teur,  ce  n’est  pas  l’expérience  pratique,  mais  surtout  l’utilisation  et  l’in¬ 
terprétation  de  la  littérature. 

Le  livre  (pie  nous  étudions  comprend  d’abord  une  brève  introduction 
où  l’alchimie  est  définie  une  partie  de  la  })bilos(^pbie  naturelle,  puis  deux 
chapitres  introductifs  traitant  de  ras])ect  spéculatif  et  de  l’aspect  prati(piede 
l’alehimie.  Après  un  aperçu  du  plan  général  de  l’ouvrage,  vient  la  partie 
principale  qui  se  divise  en  26  chapitres.  Si  l’auteur  explique  d’abord  le 
])lan  qu’il  a  adopté,  e’est  pour  prévenir  le  lecteur  (|ue  cet  ouvrage  n’est 
pas  écrit  à  la  légère  et  sans  plan  préalable.  Ce  plan  est  trop  compliqué 
])onr  être  exposé  ici.  ]Nous  suivrons  simplement  l’ordre  des  chapitres. 

On  commence  par  la  discussion,  selon  les  méthodes  scolastiques,  des 
opinions  des  adversaires,  puis  de  celle  des  partisans  de  ralcliimie;  ici  l’au¬ 
teur  fait  (jbserver  que  jusqu’alors  on  s’était  appli(|ué  à  fournir  la  preuve 
de  l’impossibilité,  pl  utôt  que  celle  (fe  la  vérité  de  ralcliimie.  Cette  dernière 
démonstration  est  infiniment  plus  difficile  à  faire; mais  c’est  |>réeisément 
|)our  cela  que  l’auteur  s’y  attache;  il  établit  d’abord  la  preuve  générale,  puis, 
partant  de  faits  empruntés  à  la  pratique  même  de  l’art,  il  passe  aux  preuves 
particulières. 

11  va  de  soi,  —  le  sujet  même  l’exigeait  — ,  que  les  premiers  chapitres 
reposent  tout  entiers  sur  la  logiipie,  la  pliysiijue  et  la  métaphysique 
d’Aristote.  Jamais  encore  aucun  auteur  n’avait  procédé  ainsi,  ni  surtout 
d’une  manière  aussi  systématique;  c’est  un  signe  des  nouveaux  temps;  on 
puise  désormais  sa  science  dans  l’antiquité  classique.  Les  chapitres  desti¬ 
nés  à  prouver  la  vérité  de  l’art  lassent  le  lecteur  par  leurs  interminables  cita¬ 
tions.  Mais  c’est  par  là-même  (ju’il  constituent  une  mine  de  découvertes 
pour  l’historien  (|ui  veut  étudier  dans  le  détail  l’influence  des  anciens. 

A  la  lecture  (jn  s’aperçoit  bien  vite  que  rauteur  ne  songe  pas  à  criti¬ 
quer  les  sources  utilisées.  De  même  que  les  anciens  théologiens  [lillaient 
indistinctement  tous  les  livres  de  r  Ancien  Testament  ])our  y  trouver  des  ar¬ 
guments  en  faveur  (fu  dogme  à  prouver,  de  même  les  alchimistes  faisaient 
leurs  emprunts  aux  recueils  manuscrits  de  leur  littérature  sans  aucun  esprit 
critique,  sans  la  moindre  idée  des  différences  histori(pies  ou  littéraires, 
et  sans  tenir  compte  du  contexte.  Qu’un  ouvrage  fût  authenti([ue  ou  non, 
cpi’il  eût  pour  auteur  la  personne  dont  le  nom  figurait  au  titre  ou  une  autre, 
cela  n’intéressait  aucunement  ceux  qui  composaient  de  nouveaux  ouvrages, 
et  c’est  ainsi  qu  il  cousaient  ensemble  des  morceaux  arabes  et  bas-latins,  des 
textes  authentiques  et  des  faux  manifestes.  Mais  si  nous  nous  rappelons  (pi’il 
\  a  trente  ans  seulement,  nous  ne  savions  pas  même  d’où  venaient  nos  textes 
alchimiques,  nous  serons  plus  indulgents  ponr  des  hommes  (pii  ont  écrit  il 
y  a  six  siècles. 

I^a  liste  (]ue  j’ai  dressée  des  auteurs  (‘ités  dans  la  Margarita  comprend 
26  noms,  sans  compter  ceux  des  interlocuteursde  la  Turbu^  qui  ne  S(jnt  jias 


(les  personnalités  historiques.  An  ])reniier  ran<2;,  il  tant  j>lacer  Rasis,  cité 
70  lois.  Mais  si  l’on  y  regarde  de  plus  |)rés,  on  (onstatera  que  Petrus 
B  O  n  II  s  ne  cite  pas  un  seul  ouvrage  authentique  de  eet  auteur.  11  ne  connaît 
pas  le  Secretiim  Secretoriim  de  Rasis,  tandis  qn’il  attribue  à  Rasis  les 
Septante  Livres^  qui  sont  en  réalité  de  G  e  h  e  r,  et  enfin  il  cite  des  faux  rela- 
tivements  récents  tels  que  le  Lumen  Luminum  et  le  De  Perfecto  Màgisterio, 


d’ordinaire  attribué  à  Aristote. 

Le  second  rang  est  occupé  par  la  Turba  et  la  Somme,  citées  chacune 
une  trentaine  de  fois.  On  se  demande  comment  l’auteur  a  pu  s’appuyer  en 
même  temps  sur  des  ouvrages  si  radicalement  opposés.  Cela  s’explique 
ainsi  :  Petrus  Bonus  connaissait  la  grande  valeur  de  la  Somme,  mais, 
d’autre  part,  il  ne  voulait  pas  renoncer  à  se  réclamer  de  l’autorité  vénérée 
de  la  Turba,  et  cela  d’autant  moins  que  lui-même  il  penchait  du  côté  de 
l’alchimie  allégorique.  Les  autres  sources  sont  moins  célèbres;  les  décrire 
ne  ferait  que  nous  écarter  de  notre  sujet;  nous  n’en  parlerons  donc  pas. 

Petrus  B  on  U  s  s’attache  surtout  à  démontrer  le  caractère  un  et  unique 
de  l’alchimie,  qui  est  un  fait  malgré  la  trom  peuse  multiplicité  des  noms  et  des 
termes  employés.  Il  prouve  cela  au  chapitre  5  en  citant  des  auteurs  de 
tous  les  temps,  de  Salomon  à  Geher.  Au  chapitre  6,  il  montre  que  le 
grand  art  est  à  la  fois  naturel  et  divin,  ce  qui  fait  des  anciens  philosophes 
les  prophètes  des  merveilles  à  venir.  Ce  qui  est  bien  caractéristique  pour 
l’esprit  du  temps,  c’est  l’allégorie  de  la  pierre  qui  se  féconde  et  s’enfante 
elle-même,  pareille  en  cela  à  la  sainte  Vierge  avec  son  immaculée  conception. 

Au  chapitre  8,  il  énumère  les  hommes  à  qui  Dieu  a  donné  l’art,  il  explique 
pourquoi  les  philosophes  en  ont  parlé  en  termes  si  obscurs.  La  liste  de  ces 
hommes  bénis  de  Dieu  commence  par  Adam;  les  auteurs  arabes  la  con¬ 
tinuent  naturellement  jusqu’à  Muhammed,  Ali  et  Geher.  Mais  il  ne 
faut  pas  rendre  l’art  accessible  à  tous,  car  ce  serait  certainement  la  fin  du 
monde. 

Au  chapitre  9  on  peut  se  faire  une  première  idée*^de  l’infinie  multipli¬ 
cité  des  noms  allégoriques  donnés  à  la  pierre  philosophale  afin  de  trom¬ 
per  le  vulgaire.  Outre  les  alchimistes,  notre  auteur  cite  ici  des  classiques, 
entre  autre  la  polémique  d’A  ri  s  t  o  t  e  contre  les  philosophes  naturalistes. 

Au  chapitre  11  commence  l’exposé  des  dénominations  spéciales  de  la 
pierre  philosophale.  Le  premier  nom  qui  exprime  sa  nature  et  que  notre 
auteur  étudie  à  travers  la  littérature,  c’est  celui  de  ferment.  Le  terme  de 
comparaison  qui  justifie  cette  expression  est  que  la  pierre  philosophale 
communique  sa  nature  d’or  aux  métaux  exactement  comme  le  ferment  du 
levain  transforme  la  pâte  en  la  faisant  fermenter,  et  que  la  vertu  de  la 
pierre  philosophale,  comme  celle  du  levain,  provient  d’une  chaleur  secrète. 
Lé  ferment  se  dérobe  aux  sens,  comme  l’âme  enfermée  dans  le  corps,  et 
son  action  est  de  la  même  nature  spirituelle. 

Au  chapitre  12,  Petrus  Bonus  se  livre  à  une  polémique  contre  les 
alchimistes  qui  tentent  de  tirer  leur  élixir  de  substances  animales  ou  vé¬ 
gétales.  Le  sujet  n’est  pas  nouveau,  la  Somme  le  traite  aussi,  mais  les  auteurs 
de  la  basse  époque  ne  se  rendent  pas  compte  que  leurs  arguments  vont  à 
l’encontre  de  la  véritable  doctrine  géliérienne. 
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Au  chapitre  13,  il  étudie  la  sig:nificatioii  des  termes  tliériac  et  poison 
par  rapport  à  la  pierre  philoso])hale ;  le  chapitre  14  traite  de  même  les 
termes  de  lait  et  de  présure,  de  mâle  et  de  femelle  ;  mais  ce  n’est  pas  ici  que 
nous  pouvons  nous  attarder  à  ces  questions. 

Le  chapitre  15  constitue  une  des  parties  les  plus  importantes  de  la 
Margarita.  L’auteur  rappelle  tout  ce  qui  prouve  la  vérité  de  l’art  :  tra¬ 
ditions,  raisonnements,  analogies,  exemples  pratiques.  Hermès,  Pytha- 
^  O  r  e,  D  é  m  O  c  r  i  t  e,  Platon,  Aristote  sont  cités  ici  comme  dans  tous 
les  traités  les  plus  fameux  ;  mais  on  est  étonné  de  tomber  en  outre  sur  des 
noms  tels  que  H  o  m  è  r  e,  V  i  r  gi  1  e  et  O  v  i  d  e.  On  sait  qu’aucune  époque 
n’a  poussé  plus  loin  l’art  d’interpréter  n’importe  quelle  parole  de  n’im¬ 
porte  quel  auteur  et  de  l’appliquer  aux  choses  les  plus  impossibles  appa- 
ramment.  Les  alchimistes  n’hésitaient  pas  plus  à  faire  de  Virgile  un  des 
leurs  que  le  Dante  n’a  hésité  à  le  choisir  pour  guide  en  enfer.  Il  ne 
faut  pas  davantage  s’étonner  de  trouver  parmi  les  preuves  à  l’appui  de  la 
transformation  des  métaux  à  peu  près  toutes  les  superstitions  qu’il  était 
possible  de  tirer  de  la  botanique  et  de  la  zoologie  des  anciens. 

Les  chapitres  16  à  25  traitent  enfin  de  manière  concrète  du  mercure 
et  du  soufre  en  tant  que  principes  des  métaux,  de  la  préparation  de  l’élixir 
et  de  son  usage.  Ici  nous  pourrons  être  plus  bref.  Plus  que  tout  le  reste 
de  l’ouvrage,  cette  dernière  partie  s’appuie  sur  la  Somme  de  Geber,  dont 
le  génie  arrache  constamment  des  cris  d’admiration  à  notre  auteur. 

Petrus  Bonus  conclut  au  chapitre  26  en  assurant  encore  une  fois 
que  tout  ce  qu’il  a  écrit  n’est  que  la  pure  vérité. 


Aujourd’hui,  nous  voyons  bien  plus  clairement  qu’il  y  a  quelques  dé¬ 
cades,  le  chemin  que  l’alchimie  a  parcouru  en  passant  des  Grecs  aux  peuples 
de  l’Islam,  puis  en  Sicile  et  en  Espagne.  La  période  latine  aussi  s’éclaire  : 
On  peut  en  suivre  l’évolution  jusqu’au  XI V*"®  siècle.  C’est  le  XIV*"®  et  le 
XV*"®  siècles  qui  offrent  encore  le  plus  d’obscurité.  Ici  une  littérature  abon¬ 
dante  demande  à  être  étudiée  et  expliquée.  C’est  une  tâche  nouvelle  qui 
pourra  être  entreprise  dès  que  les  connaissances  nouvelles  se  seront  répan¬ 
dues  parmi  les  historiens  de  la  chimie.  Et  c’est  une  tâche  propre  à  tenter  la 
jeune  génération  des  chimistes,  quand  ils  sauront  qu’ils  peuvent  désormais 
bâtir  sur  un  terrain  solidement  préparé.  Notre  époque  comprendra-t-elle 
la  nécessité  de  telles  recherches  historiques  ?  C’est  là  une  autre  question. 


(Traduit  par  A.  Kuenzi,  Bienne.) 
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Introduction 


-^ROM  the  standpoint  of  prevalence,  malaria  appears  to  be 
S  the  most  important  of  ail  diseases  in  the  world  today.” 
Jp  g  This  statement  is  based  on  wide  expérience  and  great 
S  authority,  for  it  is  the  first  sentence  in  that  excellent 
SaSHSHSHSHSHsS  treatise  on  tropical  diseases  by  Admirai  Stitt  and  Colonel 
Strong.^  Adéquate  morbidity  and  mortality  statistics  regarding  malaria 
do  not  exist,  yet  it  is  generally  believed  by  those  who  hâve  studied  the 
subject,  that  no  disease  has,  or  has  had  through  centuries,  a  more  pro- 
found  influence  on  world  health  than  malaria.  Medically  oriented  his- 
torians  suggest  that  this  disease  has  postponed  development  of  the 
tropics  for  centuries,  and  that  it  has  accelerated  the  décliné  of  nations. 
Even  today  this  preventable  mosquito-bome  infection  is  the  greatest 
enemy  of  merchant,  soldier,  administrator,  and  farmer  in  ail  of  the 
warmer  countries. 


*  Given  April  1,  1943  at  the  Stated  Meeting  of  The  New  York  Academy.  of  Medicine. 
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Such  sweeping  assertions  seem  rash  in  the  United  States  where  in 
1941  the  mortality  rate  for  malaria  in  fourteen  Southern  States  was 
only  2.73  per  100,000.^  Taking  the  census  registration  area  of  the  whole 
country,  the  death  rate  from  malaria  in  1900  was  7.9  per  100,000  but 
only  i.i  in  1940.^  Relatively  few  can  recall  local  conditions  of  six  or 
seven  décades  ago  when  our  South  was  highly  malarious  and  even 
such  northem  States  as  Michigan,  Illinois,  Indiana,  and  Ohio  were 
afflicted.  For  instance,  the  death  rate  from  malaria  in  Michigan  in  1880 
was  19.5  per  100,000.  As  late  as  1900,  Memphis  had  a  malaria  mortality 
rate  of  200  per  100,000,  and  Savannah  almost  as  great.^  High  as  these 
urban  malaria  rates  appear,  they  were  about  a  fîfth  of  those  obtaining 
in  such  tropical  cities  as  Singapore  as  late  as  1911.® 

Malaria  at  présent  extends  as  far  north  as  60°  N.  latitude  (in  Russia) 
and  as  far  south  as  40°  S.  latitude  (in  Argentina).  It  is  found  as  low  as 
the  Dead  Sea  (1,300  feet  below  sea  level)  and  as  high  as  Quito  in  Ecua¬ 
dor  (9,000  feet).  But  malaria  is  a  focal  disease  and  is  not  evenly  dis- 
tributed  nor  uniformly  prévalent  in  any  country.  In  the  United  States 
it  is  most  common  in  the  southeast,  although  it  extends  as  far  north 
as  Illinois  and  Indiana,  and  also  occurs  in  California. 

There  is  a  great  deal  of  hyperendemic  malaria  between  45  °  N.  and 
40°  S.  latitude,  in  the  plains  and  foothills  of  Central  Arrierica,  north 
and  northeast  South  America,  Central  Africa  from  the  Atlantic  to  the 
Indian  Océan,  North  Africa,  south  and  especially  southeast  Europe, 
Turkey,  the  Levant,  Iraq  and  Iran,  Afghanistan,  India,  Ceylon,  Burma, 
South  China,  Indo-China,  Siam,  Malaya,  Netherlands  Indies,  Formosa, 
the  Philippines,  and  many  islands  of  the  Pacific  which  are  west  of 
170°  E.  longitude  and  north  of  20°  S.  latitude.  (The  Fiji  Islands  and 
Samoa,  for  example,  are  not  malarious  but  the  New  Hébrides  sufïer 
severely.) 

Malaria  is  hyperendemic  in  many  areas  of  the  littoral  of  some  of 
the  world’s  great  seas  and  gulfs,  the  names  of  which  connote  vistas  of 
sand  and  coral,  mangrove  and  coconut,  with  a  wide  variety  of  peoples 
and  topography,  encircling  the  globe.  The  Caribbean,  Mediterranean, 
Tyrrhenian,  lonian,  Adriatic,  Aegean,  Black,  Azov,  Caspian,  Red,  Ara- 
bian,  East  and  South  China,  Sulu,  Celebes,  Java,  Banda,  Timor,  Arafura, 
and  Coral  seas,  the  Bay  of  Bengal,  the  gulfs  of  California,  Mexico,  Hon¬ 
duras,  Panama,  Guinea,  Persia,  Oman,  Siam,  and  Tonkin,  ail  are  bor- 
dered,  in  part  at  least,  by  highly  malarious  régions. 
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To  many  of  the  countries  within  the  hyperendemic  malaria  zones 
this  disease,  which  has  been  a  medical  curiosity  in  much  of  our  own 
country,  is  bringing  not  only  physical  disaster  but  économie  and  social 
tragedy.  In  India,  for  example,  malaria  is  a  véritable  juggernaut  disease. 
There  it  kills  at  least  a  million  persons  every  normal  year,  more  in  épi¬ 
démie  times.  Another  million  die  from  indirect  results  of  malaria. 
Throughout  ail  Hindustan  there  are  each  year  at  least  100,000,000  cases 
of  malarial  fevers.  Quoting  Sinton:^  “There  is  no  aspect  of  life  in  that 
country  which  is  not  afîected,  either  directly  or  indirectly,  by  this  dis¬ 
ease.  It  constitutes  one  of  the  most  important  causes  of  économie  mis- 
fortune,  engendering  poverty,  diminishing  the  quantity  and  the  qual- 
ity  of  the  food  supply,  lowering  the  physical  and  intelleçtual  standard 
of  the  nation,  and  hampering  increased  prosperity  and  économie  prog- 
ress  in  every  way.” 

Hehir,^  a  competent  observer,  wrote:  “It  may  with  confidence  be 
said  that  the  éradication  of  malaria  in  India  would  in  a  single  génération 
convert  that  country  into  one  of  the  most  prospérons  in  the  world.’’ 
It  is  now  one  of  the  least  prospérons  so  far  as  the  vast  majority  are  con- 
cerned.  Average  incomes  in  rural  South  India  are  as  low  as  a  dollar  a 
month.® 

hat  the  actual  sum  total  of  malaria  is  today,  no  one  knows,  or  can 
estimate  closely.  But  one  would  venture  to  assume  from  such  data  as 
are  available  and  from  personal  acquaintance  with  certain  areas,  that 
there  are  not  less  than  3,000,000  malaria  deaths  and  at  least  300,000,000 
cases  of  malarial  fevers  each  year,  throughout  the  world. 

These  facts  are  of  greater  concem  to  us  now  than  ever  before.  In 
this  global  war  our  armed  forces  are  operating  in  some  of  the  world’s 
most  malarious  areas.  We  hâve  already  felt  the  impact  of  this  debili- 
tating  fever  in  such  places  as  Panama,  West  Africa,  Burma,  New  Gui- 
nea,  and  the  Solomon  Islands.  In  such  areas  malaria  is  by  ail  odds  the 
greatest  disease  hazard  to  our  soldiers;  indeed,  in  some  places  it  is  a 
greater  menace  than  the  enemy.  To  more  than  one  of  our  medical  offi- 
cers  malaria  is  no  longer  an  exotic  disease  but  a  difficult  military 
problem. 

Earliest  Days 

The  history  of  malaria  extends  so  far  back  into  antiquity  that  spécu¬ 
lations  as  to  when  and  where  it  first  appeared  are  futile.  Certainly  the 


présent  great  library  of  malariology  represents  cumulative  endeavors  of 
many  générations  of  priests  and  philosophers,  parasitologists  and  phy- 
sicians. 

In  early  days,  when  natural  causes  of  ail  disease  were  hidden,  it  was 
inévitable  that  man  should  attribute  malaria  to  black  magic  of  wizards, 
evil  eyes  of  enemies,  ofïended  spirits  of  dead  men,  animais,  or  plants, 
malefîcent  médiation  of  gods  and  goddesses  of  wood  and  stone.  Malaria 
prophylaxis  was  then,  as  it  is  in  Central  Africa  and  thé  Solomon  Islands 
today,  a  practice  of  white  magic,  charms  and  spells,  fetishes  and  taboos, 
plant  lore,  and  sacerdotal  hygiene,  a  hocus-pocus  conjured  up  to  exor¬ 
cise,  conciliate,  or  propitiate  superhuman  beings  and  powers. 

Gradually  man  came  to  prefer  natural  to  super  natural  explanations. 
Still  looking  through  a  glass  darkly,  he  spoke  of  malaria  épidémies  as 
dépendent  on  alterations  in  astral  currents  or  lunar  rays,  or  generated 
by  terrestrial  perturbations  and  tremors.  He  discoursed  learnedly  of 
febrific  effluvia,  vegeto-animal  exhalations,  and  mephitic  airs. 

Ancient  Greece  and  Rome 

The  ancient  Greeks  2,000  years  ago  recognized  quartan,  tertian, 
quotidian  and  semitertian  (probably  malignant  tertian)  varieties  of 
malaria.  They  also  were  aware  that  the  disease  had  seasonal  and  topo- 
graphical  features.  In  particular,  they  associated  the  intermittent  fevers 
with  marshes  and  marsh  vapors.  Hippocrates  in  the  fifth  century  B.C., 
wrote  of  the  enlarged  spleen  of  inhabitants  of  marshy  régions. 

Then  there  was  a  Greek  story  (perhaps  apocryphal)  of  Empedocles 
of  Agrigentum  who  controlled  an  épidémie  in  Selinus,  Sicily,  about  550 
B.C.,  partly  by  draining  the  marshes  and  partly  by  tuming  two  rivers 
into  them  so  that,  as  Matthew  Arnold  wrote,  Empedocles  was  able  to 
“cleanse  to  sweet  airs  the  breath  of  poisonous  streams.’^  Whether  or 
not  Empedocles  was  dealing  with  malaria,  certainly  there  are  many 
passages  in  the  Greek  which  clearly  connect  this  fever  with  marshes.® 

Roman  writers,  also,  were  acquainted  with  paludism  and  were  sus¬ 
picions  of  swamps.  For  instance,  the  Republican  agriculturalist,  Varro 
(116-28  B.C.),  in  his  Rerum  Rusticarum  wrote  that  in  marshes  “cer¬ 
tain  minute  animais  are  bred,  invisible  to  the  eye  and,  borne  by  the  air, 
reach  the  inside  of  the  body  by  way  of  the  mouth  and  nose,  and  cause 
diseases  which  are  difficult  to  be  rid  of.”^® 

Fabius  Maximus  and  Julius  Caesar  sufîered  from  intermittent  fever 


Malaria  and  Its  Influence  on  World  Health 


603 


and  during  the  Civil  Wars  the  Health  of  Caesar’s  army  was  shattered 
by  it/^  Cicero  wrote  of  the  Fever  Temple  on  the  Palatine,”  indi- 
cating  that  the  cuit  of  the  Fever  Goddess  in  Rome  was  very  ancient. 

Then,  too,  there  was  a  famous  passage  from  Columella  (about  the 
first  century  B.C.)  which  stated  that  “marshes  threw  up  noxious  Stearns 
and  bred  insects,  armed  with  mischievous  stings,  and  pestilent  swim- 
ming  and  creeping  things  whereby  hidden  diseases  were  often  con- 
tracted,  the  causes  of  which  even  the  physicians  themselves  could  not 
thoroughly  understand.”^^ 

Thus,  in  ancient  Italy,  as  in  ancient  Greece,  both  medical  and  lay 
authors  recognized  the  intermittent  fevers  and  clearly  surmised  an  etio- 
logical  relationship  between  these  fevers  and  low  marshy  places.  This 
is  easy  to  understand  because  the  malarial  fevers,  with  their  character- 
istic  periodicity,  even  to  this  day  in  Greece  and  in  Italy  are  often  most 
prévalent  near  marshes.  There  was  a  good  deal  of  malaria  in  ancient 
Greece,  where  it  was  apparently  introduced  during  the  fifth  century 
B.C.  In  fact,  Ross,®  Jones,^^  and  others  hâve  suggested  that  malaria  was 
a  contributing  factor  in  the  great  décliné  in  moral  and  intellectual  vigor 
which  took  place  in  Greece  between  500  and  300  B.C.  It  has  also  been 
postulated  that  malaria  had  a  similar  disintegrating  effect  in  ancient 
Southern  Italy.^^  Some  historians,  as  Childs,^®  believe  that  while  disease 
is  mighty  over  the  individual,  parasites  and  viruses  hâve  played  an  un- 
important  rôle  in  social  history. 

Fîowever  that  may  be,  by  the  latter  part  of  the  Middle  Ages,  the 
“Roman  Airs”  had  a  bad  name  throughout  ail  Christendom.  For  in¬ 
stance,  CellP®  records  that  Peter  Damian  in  the  eleventh  century  tried 
to  give  up  the  épiscopal  see  of  Ostia,  forced  on  him  by  Pope  Stephen 
IX.  He  wrote  the  following  verses: 

“Rome,  voracious  of  men,  breaks  down  the  strongest  human  nature, 
Rome,  hotbed  of  fevers,  is  an  ample  giver  of  the  fruits  of  death.” 

In  the  twelfth  century.  Roman  fevers  are  said  to  hâve  destroyed 
the  army  of  Frederick  Barbarossa,  and  this  was  commemorated  in  verse 
by  Godfrey  of  Viterbo,  who  wrote 

“Those  from  whom  Rome  was  unable  to  defend  herself, 
were  dispersed  by  the  air 
at  whose  breath  the  German  youth  fell.” 

The  great  Arab  physicians  of  the  eighth  to  thirteenth  centuries 
wrote  of  these  intermittent  fevers  but,  in  general,  active  interest  and 
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spéculations  on  etiologv  subsided  with  Galen  in  200  A.D.,  not  to  be 
aroused  again  until  the  seventeenth  century. 

Seventeenth  and  Eighteenth  Centuries 

In  the  seventeenth  and  eighteenth  centuries  there  were  great  ad- 
vances  in  knowledge  of  therapy  and  of  etiology  of  intermittent  fevers. 

THERAPY 

In  the  seventeenth  century  European  physicians  learned  that  the 
bark  of  a  South  American  tree  is  an  effective  remedy  for  the  intermit¬ 
tent  fevers.  There  hâve  been  many  accounts  as  to  how  this  came  about. 
Apparently  the  bark  was  first  known  in  Peru,  where  the  first  recog- 
nized  use  of  this  bark  was  in  1630/^  but  whether  natives  had  recog- 
nized  its  médicinal  qualities  before  Pizarro  invaded  their  country  in 
15 12-1533  unknown.  The  traditional  anecdote,  dating  back  many 
years,  appears  to  hâve  little  historical  basis.  It  told  of  the  fever  of  Ana 
de  Osorio,  the  first,  or  of  Francisca  Henriquez  de  Ribera,  the  second 
wife  of  the  fourth  Count  of  Chinchon,  Viceroy  of  Peru.  A  friend,  as 
the  story  goes,  sent  to  the  Count’s  physician  a  parcel  of  powdered  bark 
of  the  quina-quina  tree,  a  substance  that  had  once  cured  him  of  “ter- 
tiana.”  The  physician.  Don  Juan  de  Vega,  having  tested  the  powder  on 
a  number  of  patients,  is  reported  to  hâve  administered  it  to  the  Countess 
with  great  success.  About  1640,  the  enthusiastic  Vicereine,  or  her  phy¬ 
sician,  or  some  Jesuit  father,  is  said  to  hâve  sent  or  carried  samples 
to  Europe. 

This  story  has  sufîered  a  serious  blow  in  the  recent  discovery  of 
the  official  diary  of  the  Count  of  Chinchon, wherein  is  a  careful  day- 
by-day  account  of  the  Chinchon  family.  It  now  appears  that  the  first 
countess  was  blessed  with  amazing  good  health.  Aside  from  a  sore 
throat  and  à  “flux  and  cough  on  the  lungs”  she  had  no  illness  at  ail  in 
Peru.  The  noble  count  himself  was  frequently  ill  with  malaria,  but 
nowhere  is  it  recorded  that  he  experienced  a  dramatic  cure  by  fever 
bark.  The  countess  did  not  take  bark  back  to  Europe,  for  she  died  in 
Colombia,  on  the  way  home,  of  what  seems  to  hâve  been  yellow  fever. 

The  true,  albeit  less  romantic,  account  of  the  advent  of  cinchona 
bark  in  Europe  appears  to  be  that  of  Haggis,^^  who  made  a  scholarly 
search  among  original  documents.  He  notes  that  during  the  last  décades 
of  the  sixteenth  and  throughout  the  seventeenth  century  there  was  a 
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brisk  trade  in  médicinal  barks  and  herbs  from  South  America  ta  Spain 
and  Italy.  One  item  in  considérable  demand  was  a  bark,  which  because 
of  its  médicinal  properties  was  called  quinua-quinua  by  Peruvians  and 
which  is  now  known  to  hâve  been  from  the  tree  Myroxylon  peruiferurn. 
In  commerce  this  bark  was  referred  to  sometimes  as  Peruvian  and  at 
other  times  as  quina-quina  bark.  Peruvian  balsam  was  extracted  from  it 
and  was  used  as  a  non-specific  fébrifuge.  When  demand  came  to  ex- 
ceed  supply,  the  exporters  began  to  substitute  another  bark  of  similar 
appearance,  which  from  the  evidence  must  hâve  been  taken  from 
cinchona  trees.  For  some  décades  during  the  seventeenth  century  the 
dual  source  of  so-called  Peruvian  bark  led  to  confusion  among  physi- 
cians  as  to  its  real  value  in  treating  the  intermittent  fevers.  But  gradually 
the  adultérant  replaced  the  original  bark  completely.  Thus,  as  has  been* 
pointed  out/^  it  would  appear  that  we  owe  the  discovery  of  one  of 
our  most  useful  chemotherapeutic  remedies  to  dishonest  traders  rather 
than  to  keen-eyed  scientists. 

The  earliest  mention  in  European  literature  of  the  use  of  cinchona 
was  by  Heyden  in  1643,  so  the  remedy  must  hâve  been  introduced 
hefore  that.  Powdered  bark  had  been  sent  from  Spain  and  Italy  to  Eng- 
land  by  1655  and  was  used  in  this  form  against  the  intermittents  for 
about  two  centuries.  The  bark  was  known  in  the  Nôrth  American 
colonies.  For  instance,  in  1776  the  Continental  Congress  ordered  the 
medical  committee  to  forward  300  pounds  of  bark  to  the  Southern 
department  for  use  of  the  troops.  Jackson,  a  British  Army  surgeon  in 
the  forces  of  Lord  Cornwallis,  used  the  bark  extensively  to  treat  inter¬ 
mittent  fevers  among  British  troops  in  their  southem  campaigns.^® 

The  iirst  man  to  describe  the  fever  tree  scientifically  was  Charles 
Marie  de  la  Condamine,  an  astronomer,  who  in  1735*  led  an  expédi¬ 
tion  from  France  to  measure  an  arc  of  the  meridian  near  Quito,  Ecua¬ 
dor,  in  order  to  détermine  the  shape  of  the  earth.  He  quarreled  with  his 
associâtes  and  quit  them  to  explore  the  Amazon,  and  eventually  the 
Peruvian  country.  But  it  was  the  Swedish  botanist.  Cari  von  Linné,  the 
great  Linnaeus,  who  gave  the  name  Cinchona  to  the  quina-quina  tree. 
His  misspelling  of  the  name  of  the  Countess  has  been  perpetuated. 

Two  French  pharmacists.  Pelletier  and  Caventou,  isolated  the  alka- 
loids  quinine  and  cinchonine  from  cinchona  bark  in  1820.  Since  then 
many  other  alkaloids  hâve  been  isolated  from  this  Peruvian  bark  but 
only  four  occur  in  any  considérable  amounts.  These  are  quinine  and 
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quinidine,  cinchonine  and  cinchonidine,  ail  of  which  exert  a  therapeu- 
tic  action  on  malaria. 

Demand  for  cinchona  bark  increased  rapidly,  and  the  trees,  which 
grew  wild,  were  recklessly  destroyed.  It  occurred  to  several  scientists 
that  the  tree  could  probably  be  grown  in  other  tropics  as  well  as  South 
American.  In  1743,  de  la  Condamine  attempted  to  take  cinchona  plants 
to  Europe  but  they  were  ail  swept  ofï  his  ship  by  a  wave  in  the  river 
Amazon  before  he  had  even  left  South  America.  In  1849,  cinchona  trees 
were  planted  unsuccessfully  in  Algeria.  The  Dutch,  in  1852,  sent 
Justus  Charles  Hasskarl,  a  courageous  botanist,  on  a  hazardous  collect- 
ing  expédition  which  took  him  across  the  Andes  into  Bolivia  and 
Peru.  He  was  successful,  by  a  narrow  margin,  and  began  cinchona  cul¬ 
tivation  in  Java  in  1854.  Government  rewarded  him  with  a  knight- 
hood  of  the  Netherlands  Lion  and  a  Commandership  of  the  Oaken 
Crown. 

In  1860,  the  British  sent  out  a  party  under  the  exceptionally  able 
leadership  of  Cléments  R.  Markham,  a  geographer  and  archaeologist. 
As  a  resuit  of  his  work  a  cinchona  plantation  was.started  in  the  Nilgiris 
Hills  of  Madras  Presidency  near  Ootacamund,  where  over  two  and  a 
half  million  trees  were  growing  by  1872.  This  plantation  is  still  a 
source  of  government  quinine  for  use  in  India.  Markham  was  knighted 
for  his  achievements. 

The  seeds  and  seedlings  of  these  early  Dutch  and  British  expéditions 
were  not  the  best  yielding  varieties  of  the  fifty  or  more  species  of  cin¬ 
chona  trees  growing  in  South  America.  The  most  successful  collecter 
of  high  quality  seeds  was  an  Englishman  named  Charles  Ledger  who 
had  been  living  in  the  cinchona  belt  and  knew  the  différence  between 
strong  bark  and  feeble.  He  sent  his  West  Indian  servant  Manuel  for 
seeds  of  a  tree  which  he  knew  had  a  high  quinine  content  in  its  bark 
and  which  he  had  seen  growing  in  a  certain  place.  The  good  Manuel 
was  gone  five  years,  because  four  April  frosts  destroyed  the  flowers 
and  prevented  ripening  of  fruit  of  the  particular  trees  which  met  his 
requirements.  But,  finally,  he  came  back  with  the  seeds.  Sent  out  again 
he  was  seized  by  Bolivian  officiais,  jealous  of  their  bark  monopoly,  and, 
although  imprisoned,  severely  beaten,  half-starved,  and  robbed  of  ail 
his  possessions,  he  refused  to  tell  for  whom  he  was  collecting  seeds 
and  was  at  last  set  at  liberty,  to  die  soon  afterwards  of  his  ill-treatment. 

Ledger,  in  1865,  sent  fourteen  pounds  of  high  quality  seeds  to  his 
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brother  George,  who  lived  in  London.  George  Ledger  attempted  to 
sell  them  to  the  British  Government  who  were  not  interested.  However, 
he  finally  sold  half  of  the  seeds  to  the  Dutch  for  a  few  guilders  and 
the  other  half  to  a  Madras  planter.  Within  eighteen  months  of  this 
sale  the  Dutch  had  12,000  plants  ready  to  set  out  and  five  years  later 
their  analyses  of  bark  were  showing  from  8  to  13  per  cent  of  quinine 
whereas  no  other  bark  on  the  market  could  show  much  over  4  per 
cent.  The  seeds  sent  to  Madras  also  in  time  grew  well  but  on  a  much 
more  limited  scale;  this  species  was  officially,  named  Cmchona  ledgeri- 
ana.  The  Dutch  did  a  good  deal  of  experimenting  with  hybrids  and  suc- 
cessfully  developed  the  world’s  best  cinchona  trees.  At  the  outbreak  of 
this  war,  Java  had  some  37,500  acres  of  cinchona,  producing  more  than 
20,000,000  pounds  of  bark  a  year— what  amounted  to  probably  the  most 
effective  crop  monopoly  of  any  kind  in  ail  history. 

Quinine,  the  alkaloid,  was  prepared  commercially  in  Philadelphia 
in  the  United  States  as  early  as  1823^^  and  has  been  prescribed  thera- 
peutically  in  this  country  ever  since.  The  use  of  prophylactic  quinine 
was  advocated  in  this  country  as  early  as  1844^^  and  was  employed 
successfully  among  negro  slaves  during  the  construction  of  the  Charles- 
ton  and  Savannah  Railway.^® 

The  introduction  of  cinchona  bark  into  Europe  enabled  Morton  in 
England  in  1697  and  Francesco  Tord  in  Italy  in  1712  to  suggest  that 
the  paludic  fevers  could  be  separated  from  ail  others,  not  only  by  the 
typical  periodicity  (which  was  not  évident  in  ail  cases)  but  also  by 
their  favorable  response  to  cinchona  bark  treatment.® 

Today  the  Japanese  control  ail  the  cinchona  of  the  Netherlands 
[ndies  and,  with  their  Axis  partner,  Germany,  they  also  control  the 
Dutch  stocks  of  cinchona  alkaloids,  together  with  the  quinine  factories. 
Consequently,  we  are  once  again  dépendent  on  American  bark.  In  this 
hemisphere  there  has  never  been  the  intensive 'development  of  cinchona 
plantations  with  emphasis  on  varieries  having  a  high  quinine  content. 
American  barks  generally  hâve  a  relatively  low  quinine  content  but  are 
reasonably  rich  in  other  principal  alkaloids.  Since  ail  of  these  alkaloids 
hâve  antimalarial  value  it  has  been  decided  to  utilize  Amencan  bark  in 
the  form  of  totaqume^  which  is  a  standardized  antimalarial  mixture  of  the 
alkaloids.  This  mixture  was  recommended  by  the  League  of  Nations 
Health  Organization  in  1932.  As  now  standardized  in  this  country  in  the 
présent  emergency,  it  contains  not  less  than  7  per  cent  and  not  more 
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than  12  per  cent  of  anhydrous  quinine,  and  a  total  of  not  less  than  70 
per  cent  or  more  than  80  per  cent  of  the  four  principal  alkaloids  of 
cinchona.  Totaquine,  which  will  be  the  only  form  of  cinchona  avail- 
able  for  civilian  use  in  this  country,  is  as  effective  as  quinine  sulphate 
when  total  daily  doses  are  20  grains  or  more.  In  smaller  doses  7/2 
grains  of  totaquine  hâve  about  the  same  therapeutic  efîect  as  5  grains 
of  quinine.^®’ 

ETIOLOGY 

The  Greeks  and  Romans,  as  noted  above,  from  earliest  days  had  as- 
sociated  malaria  with  bogs  and  pestilent  vapors.  In  Italy  it  was  a  com- 
mon  belief  that  bad  air  from  marshes  was  the  actual  étiologie  factor 
and  during  the  seventeenth  century  it  became  customary  to  say  that 
patients  dying  from  intermittent  fevers  had  died  from  “the  air’’  ((T aria) 
or  from  the  bad  air  {ntale  aria).  At  first,  not  the  fevers,  but  the  causes 
of  the  fevers  were  referred  to  in  this  way.  But  in  time  this  expression 
came  to  be  applied  to  the  disease  itself.  So  far  as  one  can  détermine, 
Horace  Walpole,  in  1740,  while  in  Italy,  was  the  first  to  put  the  two 
Italian  words  together  in  print  as  one  English  word,  in  a 

direct  reference  to  the  fevers  of  Rome  (Oxford  English  Dictionary). 

The  Word  “ague”  had  been  used  in  England  and  our  own  South  as 
a  name  for  the  intermittent  fevers.  It  is  true  that  did  not  always 

refer  to  malaria,  but  the  following  reference  indicates  that  it  often  did. 
William  Grant,  in  his  work  entitled,  Fevers  Most  Common  in  Londoiiy 
printed  in  1771,  stated  (p.  453)  that  “a  true  ague  is  to  be  distinguished 
from  every  other  fever  by  two  symptoms;  first,  the  frigus,  rigor,  and 
horror  febrilis  at  the  begifining  of  every  fit;  and  secondly,  an  absolute 
apyrexia  between  the  fits.” 

During  the  nineteenth  century  the  concept  of  spécifie  pathogenic 
microorganisms  was  established  on  a  Sound  basis  and  it  was  natural  that 
men  should  begin  looking  for  a  malaria  germ.  Because  of  the  long  estab¬ 
lished  association  between  marshes  and  malaria,  scientists  began  search- 
ing  in  marsh  water  and  marsh  air  for  this  elusive  pathogen.  In  Italy, 
for  instance,  “human  guinea  pigs”  drank  marsh  water  and  allowed  it  to 
be  injected  as  enemas  or  in  nasal  sprays— without  proving  anything. 

In  1847,  Heinrich  Afeckel,  a  German  scientist,  was  studying  organs 
and  blood  from  a  patient  who  had  sufîered  from  malaria.  He  noticed 
in  some  blood  vessels  of  the  brain  certain  round,  ovoid,  or  spindle- 
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shaped  protoplasmic  masses  containing  black,  irregular,  pigment  gran¬ 
ules  hitherto  undescribed,  although  Lancisi  in  1716  and  Bright  in  1831 
had  noted  the  graphite  pigmentation  of  spleen  and  brain  seen,  post 
morte??!,  in  malaria.  From  MeckeFs  carefully  worded  description  it  is 
clear  that  actually  he  was  looking  at  pigmented  malaria  parasites  but, 
at  that  day  and  under  the  circumstances,  it  is  not  surprising  that  he 
failed  to  realize  their  significance.^^ 

Others,  including  Rudolf  Virchow,  founder  of  cellular  pathqlogy, 
also  saw  and  reported  this  pigment  post  mortem  and  it  came  gradually 
to  be  associated  with  malaria.  But  no  one  suspected  that  the  “pigmented 
globules”  were  parasitic  organisms,  although  Planer  in  1854  had  seen 
them  in  a  drop  of  fresh  blood  from  a  malaria  patient.^^ 

In  1876,  Doctor  Joseph  Jones,^^  Professor  of  Chemistry  and  Clini- 
cal  Medicine,  University  of  Louisiana  in  New  Orléans,  stated  that  he 
had  been  making  chemical  and  microscopical  studies  of  the  blood  of 
fever  cases  for  twenty  years  and  that  he  was  able  to  distinguish  clearly 
the  changes  induced  in  the  blood  by  malaria.  In  fact,  he  was  able  in 
a  medico-legal  case  to  testify  that  certain  stains  on  the  coat  and  shirt  of 
the  accused  were  not  paint  as  suggested  but  were  due  to  the  blood  “of 
a  human  being  who  had  sufïered  and  was  probably  sufîering  at  the 
moment  when  the  blood  was  abstracted,  with  malarial  or  paroxysmal 
fever.”  Jones  described  the  characteristic  pigment  and  stated  that  “many 
of  the  particles  of  the  mélanémie  pigment  were  spherical,  others  ir¬ 
regular  and  angular,  some  entirely  free,  others  incased  in  a  hyaline 
mass, . .  r  (italics  not  in  original).  He  was  undoubtedly  describing 
malaria  parasites. 

Lavera?? 

In,  1878,  Charles  Louis  Alphonse  Laveran,  a  French  army  surgeon 
stationed  at  the  military  hospital  in  Constantine,  Algeria,  began  an 
investigation  of  changes  produced  in  the  human  body  by  malaria.  His 
attention  was.  naturally  directed  towards  the  pigment,  now  called  he- 
mozoin,  which  had  aroused  discussion  and  he  searched  for  it  not  only 
in  autopsy  tissue  but  also  in  blood  from  patients.  Working  with  inferior 
lenses  (he  actually  used  a  4  mm.  dry  lens)  Laveran  strained  his  eye 
many  an  hour  over  objects  which  did  not  seem  to  be  normal  blood 
cells  but  which  he  could  not  be  sure  were  parasites.  Persistently,  he 
continued  his  studies  and  finally,  one  mémorable  day,  6th  November 
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1880,  in  a  wet  smear  of  fresh  blood,  he  saw  unniistakable  waving,  hair- 
like  projections  or  flagella,  suddenly  develop  from  one  of  the  “pig- 
inented  spherical  bodies”  which  had  been  puzzling  him.  Now,  at  last, 
he  was  certain  that  he  was  observing  a  living  organism,  a  parasite  in 
human  blood.  He  named  it  Oscillaria  malariae. 

Laveran  had  talent  and  perseverance  to  follow  up  his  observation 
and  thus  was  able  to  reveal  the  minute  cause  of  malaria.  He  saw  ame- 
boid,  rosette,  spherical,  crescentic,  and  flagellate  stages,  but  did  not 
realize  the  relationship  of  these  forms.  Later  he  wrote  four  treatises 
on  paludism,  between  1884  1898,  and  in  1907  he  was  rewarded 

with  a  Nobel  prize  for  his  exceedingly  important  discovery  of  the 
malaria  parasite. 

Although  a  colleague,  Dr.  E.  Richard,  confirmed  Laveran’s  discov¬ 
ery  in  Phillippeville,  Algeria,  in  1882,  y  et  both  announcements  were 
received  with  well-nigh  universal  skepticism  for  several  years.  In  1885, 
however,  Ettore  Marchiafava,  Italy’s  leading  pathologist,  and  Angelo 
Celli,  a  colleague,  saw  the  parasites  in  fresh  blood  behaving  as  Laveran 
and  Richard  had  described  and  they  became  as  enthusiastic  in  support 
as  they  had  been  in  opposition.  They  were  able  to  sketch,  for  the  first 
time,  part  of  the  developmental  cycle  and  they  gave  the  organism  its 
generic  name  of  Plamwdium.  Another  Italian,  Golgi,  also  in  1885,  ob- 
served  multiplication  of  the  parasite  by  asexual  spore  formation  and  he 
noted  that  the^patient’s  température  rises  when  these  spores  are  liber- 
ated.  Councilman  and  Abbott,  in  the  United  States  in  the  same  year, 
also  confirmed  the  discovery.  Then,  in  1891,  in  old  St.  Petersburg, 
Romanowski  developed  a  new  method  of  staining  blood  smears.  This 
has  been  of  the  greatest  usefulness  in  ail  subséquent  studies  of  malaria 
parasites. 

Early  T heories 

Many  years  before  this  discovery  of  malaria  plasmodia  numerous 
observers,  “puttering  around  the  springs  of  science,”  had  suspected  that 
mosquitoes  might  transmit  malaria.  For  instance,  Giovanni  Maria  Lan- 
cisi,  a  Roman  and  the  greatest  Italian  physician  of  his  time,  in  1717, 
published  a  notable  treatise  on  swamp  fevers  in  which  he  suggested 
that  since  malaria  disappears  after  drainage  it  is  due  to  some  sort  of 
poison  from  marshes,  possibly  transmitted  by  mosquitoes.  He  studied 
these  insects  and  concluded  that  they  “inoculated  their  own  bad  hu- 
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mours  into  ôur  blood.”  Then  Lancisi  planned  a  drainage  scheme  for 
marshy  régions  and  remarked,  “It  is  better  not  to  fall  ill  than  to  be 
cured.” 

In  1807,  Dr.  John  Crawford,  a  native  of  Ireland,  settled  in  Balti¬ 
more,  published  an  article  in  the  Baltimore  Observer  on  the  “Mosquital 
Origin  of  Malarial  Disease.'’  Then  in  1848,  Josiah  Clark  Nott,  a  native 
of  South  Carolina,  published  the  suggestion  that  not  marsh  vapors 
but  the  mosquito  of  the  lowlands  was  the  probable  carrier  of  malarial 
fevers. 

The  clearest  statement  of  such  spéculations  was  read  before  The 
Philosophical  Society  of  Washington  in  1882,  and  published  in  1883, 
by  Albert  Freeman  Africanus  King,^^  an  Englishman  who  went  to 
America  as  a  boy,  studied  medicine  and  practiced  for  nearly  fîfty  years 
in  Washington.  King  listed  nineteen  reasons  why  he  believed  that  mos- 
quitoes  were  the  real  source  of  malaria.  In  a  footnote  he  stated  that  most 
of  his  reasons  “were  quoted  from  a  paper  read  by  Dr.  John  T.  Metcalfe, 
United  States  Sanitary  Commission,  1862.”  Metcalfe’s  article  was  pub¬ 
lished  in  1863  under  the  title,  “Nature  and  Treatment  of  Miasmatic 
Fevers.”  Reference  to  this  publication  makes  it  clear  that  the  author 
brilliantly  marshalled  a  sériés  of  basic  observations  about  the  epidemi- 
ology  of  malaria.  But  there  is  no  mention  of  mosquitoes  in  Metcalfe’s 
paper.  King  quoted  most  of  Metcalfe’s  points  and  showed  how  well  in 
each  case  his  own  mosquito  theory  would  apply. 

As  King  himself  said,  “While  the  data  to  be  presented  cannot  be 
held  to  prove  the  theory,  they  may  go  so  far  as  to  initia  te  and  encour¬ 
age  experiments  and  observations  by  which  the  truth  or  fallacy  of  the 
views  held  may  be  demonstrated,  which,  either  way,  will  be  a  step  in 
the  line  of  progress.”  The  records  do  not  reveal  a  single  experiment  re- 
sulting  from  King’s  paper. 

Man  son’’ s  Theory 

Patrick  Manson  was  a  Scotchman  born  in  Aberdeenshire  in  1844. 
From  1866  to  1871  he  was  Medical  Ofîîcerof  the  Chinese  Impérial  Mar¬ 
itime  Customs  in  Takao,  Formosa.  The  next  thirteen  years  of  his  life 
he  spent  in  Amoy,  China,  practicing  medicine,  still  under  the  auspices 
of  the  Customs  Service.  There  he  became  very  much  interested  in  filar- 
iasis,  a  malady  common  in  some  tropical  areas.  While  on  leave  in  Lon¬ 
don  in  1875,  Manson  searched  medical  libraries  to  find  out  what  he 
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could  about  this  disease.  He  leamed  that  microscopie  immature  worms 
czWtà  y  lier  O  fîlaria  had  been  seen  by  Demarquay  in  1863,  by  Wucherer 
in  1866  and  1868,  and  by  Lewis  (in  blood)  in  1872.  Manson  went  back 
to  Amoy  in  1876,  carrying  along  a  new  microscope,  and  he  proceeded 
to  study  hlariasis.  It  was  natural  that  he  should  reflect  on  the  question 
as  to  how  the  filarial  worm  could  infect  one  man  from  another.  He 
concluded  that  since  the  larvae  were  usually  in  blood  they  might  escape 
with  the  aid  of  blood-sucking  insects.  He  selected  mosquitoes  as  being 
most  probable  because  he  thought  their  geographical  range  coincided 
with  that  of  the  disease. 

His  theory  enunciated,  Manson  proceeded  to  feed  mosquitoes  on 
patients  in  whose  blood  there  were  embryo  filarial  worms.  He  then 
demonstrated  these  worms  inside  mosquito  stomachs,  where  he  saw  that 
some  were  not  digested  but  actually  began  to  develop.  Manson  suc- 
ceeded  in  tracing  the  filaria  through  the  stomach-wall  of  the  mosquito 
into  the  abdominal  cavity,  and  then  into  the  thoracic  muscles.  During 
this  passage  the  parasite  increased  in  size,  developing  a  mouth,  an  ali- 
mentary  canal  and  other  organs.  Quoting  Manson,  “Manifestly  it  was 
on  the  road  to  a  new  human  host.” 

Here  at  last,  scientifically  observed,  was  a  parasite  of  man’s  blood 
being  sheltered  in  the  gut  of  a  blood-sucking  insect,  undergoing  essen- 
tial  development,  the  road''’  to  another  human  host.  Manifest  indeed 
were  the  implications  of  this  discovery,  first  published  in  1877  in  th6« 
China  Customs  Medical  Reports.  Manson  published  again  in  1879,  using 
the  title,  “On  the  development  of  Filaria  sanguinis  h  ou  finis  ^  and  the 
Mosquito  considered  as  a  Nurse.” 

A  few  scientists  accepted  Adanson’s  report  with  enthusiasm  but 
many  were  cold  to  it,  so  the  observations  were  repeated  and  amplified 
and  republished  in  1884  in  the  Linnean  Society ’s  Transactions. 

Unfortunately,  Manson  believed  that  the  filarial  worms  escaped 
from  drowned  mosquitoes  into  water  which  then  infected  the  men  who 
drank  it.  He  had  placed  too  much  dependence  in  a  book  on  natural 
history  which  stressed  the  ephemeral  character  of  mosquitoes,  leading 
him  to  believe  that  they  quickly  perished  in  the  water  on  which  they 
laid  their  first  eggs.  The  fact  that  mosquitoes  could  live  for  several 
weeks,  repeatedly  taking  blood  and  laying  eggs,  noted  by  Ross  in  1897, 
was  unobserved  by  Manson.  The  complété  chain  of  filarial  infection 
from  man  to  mosquito  to  man  was  not  demonstrated  until  1899,  '^Ten 
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Low  found  the  worm  in  the  proboscis  of  mosquitoes.  He  published  in 
1900  and  his  important  discovery  was  soon  confirmed  hy  James. 

Other  scientists  had  already  reported  that  parasites  may  in  fact  ex¬ 
change  one  host  for  another.  About  1858,  Rudolf  Leuckart  discovered 
living  in  a  small  water  flea  called  Cyclops,  a  worm  which  at  one  stage 
of  its  life  is  a  parasite  of  fishes.  This  was  probably  the  first  instance 
when  a  member  of  the  phylum  Arthropoda,  to  which  the  insects  as  a 
ciass  belong,  was  seen  to  be  an  intermediate  host  to  a  parasite  of  verte- 
brate  animais.  Again  Leuckart,  in  1867-68  observed,  in  the  “meal  worm” 
larvae  of  certain  small  beetles,  a  parasite  previously  known  in  the  intes¬ 
tines  of  mice.  About  the  same  time  Melnikofî,  a  Russian  student  work- 
ing  with  Leuckart,  found  that  biting  lice  can  act  as  hosts  to  dog  tape- 
worms.  Here  were  the  first  cases  known  of  insects  acting  as  intermediate 
hosts  to  animal  parasites. 

The  first  time  an  arthropod  was  found  acting  as  host  to  a  parasite 
of  man  was  in  1869  when  Fedschenko,  a  Russian  naturalist  and  traveler, 
prompted  by  a  suggestion  made  by  Leuckart  in  1858,  saw  in  Cyclops 
some  embryos  of  the  guinea-worm  which  parasitizes  man.  Fedschenko 
did  not  complété  the  cycle  by  infecting  man  again. 

Then  came  Manson,  in  1877  to  1879,  with  his  observation  which 
marked  the  first  time  an  insect  (mosquito)  had  been  seen  to  act  as  an 
intermediate  host  to  a  parasite  (filaria)  of  man.  Manson’s  observations 
did  not  complété  the  man-to-mosquito-to-man  cycle  in  filariasis  but  they 
gave  him  a  logical  basis  for  theorizing  about  malaria  and  mosquitoes. 
He  formulated  a  working  hypothesis  based  on  facts  observed  by  him- 
self  or  published  by  others.  This  mosquito-malaria  hypothesis  he  stated 
publicly  in  some  lectures  in  1894  (Brit.  M.  /.,  Dec.  8,  1894).  Briefly, 
Manson  saw  no  reason  why  if  mosquitoes  could  suck  worms  out  of 
man’s  blood  they  might  not  draw  out  malaria  parasites  as  well.  He  had 
been  impressed  by  seeing  in  fresh  blood  smears  the  same  unexplained 
exflagellation  which  had  been  noticed  by  Laveran.  He  asked  himself, 
“why  should  exflagellation  occur  only  after  blood  is  drawn  and  never 
in  the  patientas  body?”  He  surmised  that  this  was  for  the  purpose  of 
infecting  some  kind  of  suctorial  insect,  most  likely  the  mosquito.  He 
thought,  as  he  had  about  filariasis,  that  perhaps  the  mosquito  later  died^ 
liberating  the  parasites  in  water  which,  when  a  man  drank  it,  gave  him 
malaria. 

Shortly  before  Manson  published  his  mosquito  theory  of  malaria 
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transmission,  Richard  Pfeiffer  enunciated  in  1892  a  logical  conjecture 
of  the  same  sort,  based  on  some  of  his  own  studies  with  a  related  para¬ 
site.  Said  he,  “The  following  solution  suggests  itself,  but  I  bring  it  for- 
ward  only  as  a  hypothesis,  the  justification  for  which  rests  in  the  fact 
that  it  indicates  a  line  of  investigation.  It  is  possible  that  in  the  case  of 
the  malarial  parasite  there  exists  a  developmental  cycle  which  com¬ 
plétés  itself  outside  the  human  host,  possibly  in  the  body  of  a  lower 
animal  (as,  for  instance,  certain  insects).  This  malarial  germ  could  then 
be  conveyed  to  man  through  the  air  or  water  or  as  Robert  Koch  has 
remarked  to  me  through  the  sting  of  a  blood-sucking  insect.” 

So  there  was  nothing  fantastic  about  Manson’s  hypothesis.  But 
human  nature  once  more  asserted  one  of  its  most  ancient  and  deathless 
characters  and  Manson  was  derided  for  his  spéculations.  His  critics, 
some  of  them  men  of  importance  in  the  scientific  world,  called  him 
“Mosquito  Manson,’’  and  once  on  St.  James  Street,  London,  derisively 
tapped  theii*  foreheads  as  he  passed  by  their  club.  Manson  cheerfully 
tapped  his  own  at  them  and  walked  on  to  Famé. 

Smith  md  Kilbomé's  Démonstration 

Between  1889  and  1893  Theobald  Smith  and  F.  L.  Kilborne,  Ameri- 
cans,  proved  the  thesis  that  insect-like  créatures  can  transmit  disease 
from  one  animal  to  another.  This  work  was  first  announced  in  the  6th- 
yth  Report  of  the  United  States  Bureau  of  Animal  Industry  in  1891, 
and  was  published  in  extenso  as  Bulletin  No.  i  of  this  bureau  in  1893. 
In  some  nicely  planned,  thoroughly  scientific  experiments,  they  dem- 
onstrated  that  ticks  certainly  transfer  the  cause  of  red water,  or  Texas 
tick  fever,  from  one  cow  to  another.  Ticks,  they  also  found,  could 
even  inherit  infection  from  a  parent  tick  and  pass  it  to  a  cow. 

Manson  had  paved  the  way  by  showing  that  an  insect  could  take  an 
animal  parasite  out  of  the  blood  stream  and  act  as  a  host  to  it.  He  failed 
to  show  that  the  insect  could  directly  infect  another  man  with  this 
parasite.  Smith  and  Kilborne  went  farther  by  observing  that  a  spécifie 
pathogen  could  be  carried  from  one  animal  to  another  by  ticks.  Al- 
though  they  appear  not  to  hâve  seen  the  actual  parasite  within  the  ticks, 
yet  their  experiments  revealed  for  the  first  time  a  continuons  chain  of 
infection  which  included  an  interlinking  arthropod.  They  were  first  to 
demonstrate  that  an  arthropod  can  be  an  intermédiare  host  to  protozoan 
parasites  of  animais. 
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The  Observations  of  Bruce 

In  1 896  David  Bruce,  a  British  Medical  Officer  working  in  Ubombo, 
Zululand,  on  a  devastating  disease  of  horses  and  cattle,  called  nagana, 
demonstrated,  with  the  aid  and  comfort  of  Mrs.  Bruce,  that  tsetse  Aies 
can  carry  the  trypanosome  parasite  from  animal  to  animal.  Sheltered 
only  by  a  wattle  and  daub  hut,  living  on  the  roughest  of  food,  sixty 
miles  from  other  white  folk.  Bruce  and  his  wife  carried  out  experiments 
which  were  clear-cut  and  convincing.  Bruce  did  not  show  and,  not 
until  1909  was  it  demonstrated,  that  the  tsetse  fly  is  a  true  host  rather 
than  simply  a  mechanical  carrier.  Yet  it  seems  fair  to  say  that  Bruce* 
was  the  fîrst  to  prove  that  a  disease  caused  by  a  protozoan  parasite  can 
be  transmitted  by  a  true  insect. 

Ross''s  Discovery 

In  spite  of  ail  these  advances,  no  one  paid  much  attention  to  Man- 
son’s  malaria  theory  until  there  came  along  Ronald  Ross,  another 
Scotchman,  and  an  Army  surgeon  in  the  Indian  Medical  Service.  Al- 
though  Laveran  had  discovered  malaria  parasites  in  1880,  his  drawings 
were  not  too  good  and  in  spite  of  repeated  attempts  Ross  had  not  seen 
the  organisms  until  Manson  showed  them  to  him  in  a  London  hospital, 
in  1894.  Ross  became  interested  in  Manson’s  mosquito  theory  of  trans¬ 
mission  and  went  back  to  India  to  test  it  by  actual  expérimentation.  It 
seems  incredible  but  there  is  no  evidence  that  anyone  else  in  the  world 
was  actively  investigating  the  mosquito  theory  of  malaria  at  that  time. 

Ross  tackled  the  hypothesis  seriously,  commencing  on  his  birthday, 
May  13,  1895.  After  much  research,  involving  many  mosquito  dissec¬ 
tions,  Ross  in  Secunderabad  on  “Mosquito  Day,”  August  20,  1897,  first 
saw  a  pigmented  malaria  parasite  from  man,  growing  within  the  stom- 
ach  Wall  of  an  Anopheles  mosquito  (A.  stephensiF) .  This  insect  had  fed 
exclusively  on  a  patient,  whose  blood  contained  crescents.  Ross  had  no 
doubt  that  he  was  looking  at  the  malaria  parasite  of  man  and  it  was 
certainly  undergoing  development  in  a  mosquito.  This  observation 
crystallized  the  mosqüito-malaria  spéculations  of  centuries! 

By  this  time  the  fact  was  well  established  that  multiplication  of 
malaria  parasites  within  red  cells  in  the  human  body  is  entirely  asexual. 
It  was  also  known  that  not  ail  of  the  young  organisms  so  formed  will, 
upon  breaking  out  of  red  cells,  complété  a  cycle  by  splitting  asexually 
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at  their  own  maturity.  Some  parasites  called  gamétocytes,  do  not  divide 
in  this  manner  but  take  on  unique  shapes  so  that  they  may  be  recognized 
as  distinct  from  ordinary  asexual  forms.  Those  of  P.  falciparum,  for 
example,  look  like  minute  crescents.  In  1897-98  William  George  Mac- 
Callum,  an  American  pathologist,  discovered  the  significance  of  these 
unique  forms  when  he  studied  exflagellation.  He  found  that  the  peculiar 
and  sometimes  crescent-shaped  parasites  in  malaria  blood,  which  do  not 
split  up,  are  actually  maie  and  female  cells.  MacCallum,  in  1 897,  looking 
ar  Haemoproteus,  a  malaria-like  parasite  in  a  drop  of  crow’s  blood,  and 
then  MacCallum  and  Opie  at  Johns  Hopkins  in  1898  studying  malaria 
organisms  from  man,  saw  male  parasites  exflagellate  and  then  saw  one 
of  the  flagella  penetrate  and  thus  fertilize  a  female  parasite.  There  is  no 
evidence  that  such  mating  ever  takes  place  inside  a  living  animal,  but 
it  may  occur  in  a  drop  of  blood  on  a  glass  slide  and,  as  was  soon  dis¬ 
covered,  it  usually  takes  place  in  a  mosquito’s  stomach.  MacCallum  and 
Opie’s  observations  were  of  great  importance  for  it  became  clear  that 
malaria  parasites  hâve  a  sexual  as  well  as  an  asexual  cycle,  and,  taken 
together  with  Ross’s  observation,  it  was  indicated  that  this  sexual  cycle 
probably  took  place  outside  the  human  body  in  the  stomach  of  a  mos- 
quito. 

Soon  after  Ross  had  made  his  first  promising  discovery  in  Secun- 
derabad,  he  was  transferred  to  a  place  where  he  was  unable  to  experi- 
ment  with  malaria.  This  was  unfortunate,  but  finally,  through  the 
influence  of  Manson  and  others  who  recognized  the  great  importance 
of  his  studies,  he  was  placed  on  spécial  duty  with  instructions  to  investi- 
gate  malaria  in  Calcutta.  At  that  time,  for  various  reasons,  chiefly 
because  of  some  riots  due  to  antiplague  inoculations,  it  was  not  possible 
for  him  to  experiment  with  human  beings,  so,  ingeniously,  he  used  birds. 
In  his  laboratory  he  followed  the  parasite  of  malaria,  stage  by  stage,  in 
its  development  in  the  blood  of  sparrows.  Then  he  allowed  Ciilex  mos- 
quitoes  to  feed  on  the  birds.  Careful  microscopie  examination  of  these 
mosquitoes  allowed  him  to  studv  development  of  the  parasites  in  the 
stomachs  of  the  insects.  He  traced  path  and  growth  of  the  parasite  as 
it  made  its  way  gradually  from  the  mosquito’s  stomach  to  salivary 
glands.  He  then  made  his  greatest  discovery,  something  hitherto  unsus- 
pected  either  by  himself  or  Manson.  He  found  that  mosquitoes  that  had 
fed  on  malaria  infected  birds  and  that  had  allowed  the  parasites  to 
develop  and  to  lodge  in  their  salivary  glands,  could  then  infect  healthy 
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birds.  These  in  tum  became  malarious.  So  here  was  the  last  link!  Bird 
to  mosquito  to  bird.  Thus,  on  July  9,  1898,  he  completed  bis  démon¬ 
stration  of  the  en  tire  life  cycle  of  the  parasite  of  bird  malaria,  which  is 
transmitted  by  Culex  mosquitoes.  This  was  Ross’s  discovery  and  to  no 
one  else  belongs  the  crédit.  It  transcended  far  beyond  Manson’s  hypoth- 
esis  and  it  antedated  the  Italian  contribution. 

It  was  a  tremendous  and  fondamental  achievement  for  it  was  now 
perfectly  clear  that  the  closely  related  parasite  of  human  malaria  must 
probably  in  like  manner  be  carried  from  man  to  man  by  mosquitoes. 
The  first  observation  by  Ross  of  a  parasite  of  human  malaria  in  the 
stomach  wall  of  an  Anopheles  mosquito,  followed  by  his  absolute  proof 
of  the  transmission  of  bird  malaria  by  Culex  mosquitoes,  made  it  prac- 
tically  certain  that  mosquitoes  transmit  human  malaria.  However,  it 
needed  complété  proof.  Ross,  having  predicted  the  probable,  set  out 
to  prove  it.  But  he  encountered  initial  difficulties  and  was  soon  ordered 
to  investigate  kala-azar,  a  subject  he  had  not  previously  considered.  In 
March,  1899,  he  left  India  and  a  few  months  later  retired  from  the 
Indian  Medical  Service.  He  completed  his  original  observation  regard- 
ing  human  malaria  in  the  same  year  in  Sierra  Leone. 

The  Italian  Contribution 

Ross,  as  a  matter  of  course,  had  promptly  reported  to  the  world  his 
Work  with  bird  malaria,  as  well  as  his  original  observation  of  a  parasite 
of  human  malaria  in  the  stomach  wall  of  a  mosquito.  His  bird  experi- 
ments  were  confirmed  by  several  observers,  including  Daniels,  sent  to 
Calcutta  for  this  purpose  in  December,  1898,  by  the  Malaria  Commis¬ 
sion  of  the  Royal  Society.  In  November,  1898,  Amico  Bignami,  an 
Italian,  succeeded  in  infecting  a  man  experimentally  with  malaria  by  the 
bite  of  an  Anopheles  mosquito.  Bignami  and  his  colleagues,  G.  Bastian- 
elli  and  Bartista  Grassi,  a  few  weeks  later,  were  the  first  to  prove  in 
full  the  cycle  of  the  parasite  of  human  malaria,  and  to  show  that  human 
malaria  is  transmitted  probably  by  only  one  genus  of  mosquito— 
pheles.  These  findings  were  quickly  confirmed  by  Koch.  In  August 
1899  the  Sierra  Leone  malaria  expédition,  of  which  Ross  was  a  mem- 
ber,  found  malaria  parasites  in  two  species  of  Anopheles. 

To  Italian  workers  must  go  praise  for  applying  Ross’s  avian  dis- 
coveries  so  quickly  to  human  malaria.  It  should  also  be  recorded,  as 
noted  bv  Shryock^^  that,  just  as  the  work  of  Theobald  Smith  and  Ron- 
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ald  Ross  had  stimulated  the  Italians,  so  in  turn  the  Italians,  through  the 
medium  of  William  S.  Thayer,  when  he  retumed  from  Italy  to  Johns 
Hopkins,  stimulated  Walter  Reed  and  his  colleagues,  who  made  the 
next  great  advance  in  the  field  of  medical  entomology  by  disclosing 
the  vector  of  yellow  fever. 

To  Ross  is  due,  for  ail  time,  the  crédit  of  being  first  to  place  a 
scientific  fînger  on  mosquitoes  as  agents  which  spread  malaria  from 
man  to  man.  This  work  brought  him  a  Nobel  prize  in  1902,  and  later  a 
knighthood  from  his  King. 

Dramatic  confirmation  of  the  fact  that  malaria  is  transmitted  by 
Anopheles  mosquitoes  was  furnished  by  Manson  in  1900  in  two  simple 
tests.  In  the  first  experiment  Doctors  G.  C.  Low  and  L.  W.  Sambon 
and  Signor  Terzi,  ail  of  the  London  School  of  Tropical  Medicine,  lived 
in  a  screened  hut  during  the  three  most  malarious  months  at  Fumaroli 
in  the  Roman  Campagna.  It  was  said  at  the  time  that  it  was  sufficient 
during  the  fever  season  to  sleep  a  single  night  there  without  protection 
to  contract  the  disease.  Yet  these  three  men  escaped.  While  the  fact  that 
they  had  no  malaria  was  not  absolute  proof  of  its  mosquito-bome  nature 
yet,  because  their  neighbors  in  unscreened  houses  sufîered  severely  from 
malaria,  the  experiment  was  highly  suggestive  and  was  reported  in 
scientific  periodicals  and  newspapers  throughout  the  world. 

In  the  second  and  more  convincing  experiment,  some  infected  Ano¬ 
pheles  were  sent  by  Prof  essor  Bastianelli  on  a  three  and  a  half  day  jour- 
ney  from  Italy  to  London  where  there  was  no  malaria.  These  mosqui¬ 
toes  had  fed  on  a  malaria  patient  in  Rome.  Manson’s  son,  P.  T.  Manson, 
a  healthy  young  London  student,  allowed  himself  to  be  bitten  by  three 
lots  of  these  mosquitoes  and  fifteen  days  later  he  developed  tertian 
malaria.  The  experiment  was  repeated  by  George  Warren,  laboratory 
assistant  at  the  London  School  of  Tropical  Medicine.  Some  mosquitoes 
were  still  living  after  Manson’s  son  fell  ill,  and,  quoting  Manson,  War¬ 
ren  “thought  it  would  be  a  pity  to  waste  them,  so  he  fed  the  insects 
on  his  own  arm.”  He  came  down  with  tertian  malaria  fourteen  days 
later.  Both  volunteers  fortunately  were  cured  with  quinine.  This  experi¬ 
ment  was  significant  even  to  the  most  skeptical. 

Twentieth  Century— First  Quarter 

During  the  first  quarter  of  the  twentieth  century  it  was  natural  that 
interest  in  malaria  should  be  ceniered  around  control  measures  based  on 
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the  newly  demonstrated  spécifie  etiology.  For  malaria  control  had  been 
an  ancient  and  persistent  hope.  Records  of  empirical  prophylaxis  extend 
ail  the  way  from  early  centuries  in  ancient  Italy  to  the  late  nineteenth 
century  in  the  United  States.  For  instance,  one  can  cite  Nerva,  who 
in  96-98  A.D.,  was  praised  for  his  hydraulic  works  which  improved 
Roman  health  because  the  water  of  his  drains  “removed  the  causes  of 
bad  air.”^^  Some  seventeen  hundred  years  later,  still  in  the  empirical 
âge,  the  transactions  of  the  American  Medical  Association  (1874)  were 
largely  filled  with  a  symposium  on  drainage  as  related  to  public  health 
and  especially  to  the  malarial  fevers.  This  subject  was  first  explored  in 
the  United  States  apparently  in  1832,  in  the  course  of  a  medical  survey 
of  New  York  State. 

Mosquito  nets  were  mentioned  by  Herodotus.  They  hâve  been  used 
ever  since  to  exclude  mosquitoes  from  sleeping  individuals.  For  instance, 
in  the  middle  of  the  last  century  the  wife  of  the  first  Bishop  in  Cape- 
town  presented  a  mosquito  net  to  David  Livingston  when  he  was  in 
Central  Africa.  He  responded  with  a  charming  letter  which  began  as 
follows:"^ 

14  July  1863 

My  dear  Lady: 

I  feel  exceedingly  obliged  by  your  kindness  in  making  such 
a  beautiful  mosquito  curtain  for  me.  Beyond  a  doubt  it  is  the 
handsomest  that  ever  appeared  in  this  country,  and  I  am  a  great 
admirer  of  the  invention  ... 

Wire  screen  cloth  for  use  in  excluding  mosquitoes  and  other  Aies  was 
manufactured  in  the  United  States  as  early  as  1865.^^' 

Larvicides  date  back  to  about  1793,  when  oil  (probably  whale  oil) 
was  used  in  Philadelphia  rain  barrels  to  kill  mosquito  larvae.^^  Howard,"^ 
in  1892,  was  one  of  the  first  to  use  petroleum  oil  for  this  purpose.  Dust 
larvicides  such  as  Paris  green  were  apparently  not  used  against  mosquito 
larvae  until  about  1920.-^’  “^ 

The  technique  of  warfare  against  mosquitoes  developed  rapidly  after 
Ross  disclosed  the  fondamental  etiology.  Indeed,  Ross  himself  in  1899 
in  Sierra  Leone  carried  out  the  first  antimalarial  work  based  on  his  own 
discovery.  It  is  notable  that  Ross  later  wrote:  “My  work  had  been  done 
not  at  ail  for  the  sake  of  parasitology,  but  in  order  to  find  a  method  for 
reducing  the  incidence  of  malaria  amongst  the  inhabitants  of  warm 
countries.”  His  prime  interest  remained,  to  the  end,  malaria  control. 
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Outstandingly  successful  antimalaria  projects  in  the  first  quarter  of 
the  century,  included  besides  those  mentioned  below,  that  initiated  in 
Malaya  in  1901  by  Malcolm  Watson,  that  by  Oswaldo  Cruz  and  Carlos 
Chagas  in  Brazil,  and  by  Ronald  Ross  in  Ismailia,  to  mention  only  three 
of  many. 

Staten  Islmd 

At  the  turn  of  the  century  Staten  Island  was  not  only  malarious, 
but  also  had  an  uncomfortably  high  density  of  pest  mosquitoes.  In  1901, 
Dr.  Alvah  H.  Doty,  Health  Officer  of  the  Port  of  New  York,  found 
that  in  one  section  of  Staten  Island  20  per  cent  of  the  inhabitants  had 
malaria.  He  also  discovered  that  the  problem  was  twofold— pest  mos¬ 
quitoes  breeding  in  sait  marshes  and  Anopheles  mosquitoes  breeding  in 
collections  of  fresh  water,  inland.  Doctor  Doty  himself  one  evening 
collected  twenty-two  mosquitoes  in  a  house,  and  found  more  than  half 
to  be  anophelines,  while  on  the  opposite  corner  there  was  a  patient  with 
acute  malaria. 

A  fairly  large-scale  antimosquito  campaign  was  planned  and  carried 
out  efFectively  in  Staten  Island  under  the  direction  of  Dr.  Doty  and  with 
help  from  the  Department  of  Health  of  New  York  City.^® 

Although  there  is  no  reference  to  this  project  in  Winslow’s  biogra- 
phy  of  Biggs,  the  following  statement^^^^  has  significance:  “The  New 
York  City  Health  Department  [of  which  Biggs  was  General  Medical 
officer]  from  1902  to  1913  was  in  large  measure  the  concrète  expression 
of  the  mind  of  Hermann  Biggs;  and  the  history  of  its  development  is 
the  history  of  the  progress  of  his  sanitary  statesmanship.’’  It  is  also  made 
clear  in  this  biography  that  Doty  and  Biggs  were  close  friends  (indeed 
Doty  was  best  man  when  Biggs  married  in  1898).  Therefore,  it  seems 
not  unreasonable  to  suppose  that,  in  this  Staten  Island  malaria  and  mos- 
quito  pioneer  control  project,  one  of  the  earliest,  and  one  of  the  most 
effective  of  the  early  campaigns,  in  the  United  States,  inspiration  and 
advice  stemmed  from  the  great  sanitarian  we  are  honoring  tonight— 
Hermann  Michael  Biggs. 

Except  for  this  work  in  Staten  Island,  and  in  one  or  two  other  areas, 
as  in  New  Jersey,  Long  Island,  and  California,  this  country  was  slow 
to  react  until  the  Panama  project  had  dramatized  the  subject  of  malaria 
control.  Intensive  malaria  control  in  the  South  began  with  practical 
démonstrations  in  1912-1916  in  North  Carolina,  Virginia,  and  Missis- 
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sippi  by  Henry  R.  Carter  and  R.  H.  von  Ezdorf  of  the  Ü.  S.  Public 
Health  Service,  and,  in  coopération  with  the  International  Health 
Board,  at  Crossett,  Arkansas,  in  1916. 

During  the  World  War  in  1917-18  the  Public  Health  Service  car- 
ried  out  an  extensive  extra-cantonment,  and  the  Army  an  intra-can- 
tonment  antimalaria  program  in  fifteen  States  over  a  total  area  of  1,200 
square  miles.  This  very  successful  project  not  only  protected  considér¬ 
able  numbers  of  troops  but  it  also  demonstrated  malaria  control  in  a 
practical  way  and  resulted  in  the  training  of  a  large  personnel.  In  the 
years  from  1919  to  1922  The  Rockefeller  Foundation,  cooperating  with 
the  Public  Health  Service,  demonstrated  that  malaria  control  in  the 
South  could  be  done  for  from  75  cents  to  a  dollar  per  capita,  with 
maintenance  costs  of  25  cents  a  year,  about  one  quarter  of  the  average 
yearly  malaria  payments  per  capita  for  quinine,  doctors,  and  undertak- 
ers.  These  experiments  proved  that  malaria  control  by  antimosquito 
measures  in  the  South  was  not  only  economically  feasible  but  a  Sound 
business  proposition. 

Gorgas 

The  greatest  early  twentieth  century  démonstration  of  the  useful- 
ness  of  mosquito  control  measures  was  furnished  by  William  Crawford 
Gorgas,  who  like  Laveran,  Bruce,  and  Ross,  was  an  Army  medical 
ofîicer.  In  the  words  of  Sir  William  (Jsler,  “There  is  nothing  to  match 
the  Work  of  Gorgas  in  the  history  of  human  achievement.”  Not  only 
did  Gorgas  completely  control  yellow  fever  by  oaciXa-Aedes  measures 
(following  the  work  in  Cuba  of  Finlay,  and  of  Walter  Reed  and  his 
colleagues,  which  disclosed  the  vector  of  épidémie  ùrban  yellow  fever) 
but,  as  the  resuit  of  his  Anopheles  control,  the  malaria  rate  in  Havana 
was  reduced  from  the  figure  of  909  per  thousand  in  1899,  to  15 1  in 
1901,  44  in  1904,  and  19  in  1908. 

Because  of  his  outstanding  success  in  Cuba,  it  was  natural  that  medi¬ 
cal  authorities  should  suggest  that  Gorgas  take  charge  of  sanitation 
during  construction  of  the  Panama  Canal,  where  yellow  fever  and 
malaria  had  tumed  engineering  efforts  into  shambles.  Mosquitoes,  at 
that  time  not  yet  unmasked,  had  administered  to  man  the  greatest  engi¬ 
neering  defeat  ever  known.  The  French  losses  in  eight  years  were  over 
200  million  dollars  and  50,000  lives! 

When  the  United  States  undertook  to  build  this  canal,  Gorgas  was 
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put  in  charge  of  the  Sanitary  Department  of  the  Canal  Zone  by  The 
Surgeon  General  of  the  Army.  He  was  aided  by  an  exceedingly  cap¬ 
able  Chief  Sanitary  Inspecter,  Joseph  A.  Le  Prince,  by  the  brilliant 
laboratory  studies  of  Samuel  Taylor  Darling,  and  by  the  outstanding 
assistance  of  Henry  Rose  Carter,  of  the  U.  S.  Public  Health  Service. 

The  Anopheles  carrier  in  Panama  bred  in  ponds,  marshes,  swamps, 
and  standing  water.  The  problem  of  controlling  this  widespread  rural 
insect  was  much  greater  than  that  of  controlling  Anopheles  breeding 
in  Havana.  The  malaria  rate  in  the  Canal  Zone  in  July,  1906,  was 
équivalent  to  1,263  hospital  admissions  per  year  per  1,000  of  popula¬ 
tion!  But  Gorgas,  with  his  unusually  efficient  sanitary  organization  and 
inspectors,  reduced  the  numbers  of  canal  workers  admitted  to  hospitals 
for  malaria  from  a  yearly  rate  of  821  per  1,000  in  1906  to  76  per  1,000 
in  1913.  This  work  by  Gorgas,  with  his  concomitant  success  against 
yellow  fever  and  dysentery,  was  a  superb  accomplishment,  described 
by  Sir  Malcolm  Watson  as  “the  greatest  sanitary  achievement  the  world 
has  seen.” 

If  it  be  assumed  that  without  Gorgas  and  his  sanitary  victories  the 
occurrence  of  disease  among  our  employées  would  hâve  paralleled  that 
among  the  French  employées,  who  were  without  such  help,  then  it  can 
be  stated  that  Gorgas  saved  the  United  States  some  39^/^  million  man- 
days  of  illness  between  1904  and  1914,  and  not  only  so  but  he  pre- 
vented  some  71,000  deaths  in  the  ten  years  of  canal  construction. 
Gorgas  himself  estimated  that  the  sanitary  work  on  the  isthmus  during 
the  ten  years  of  construction  saved  the  United  States  some  80  million 
dollars,  if  indeed  the  canal  could  hâve  been  built  at  ail  in  the  presence 
of  such  intense  malaria  and  yellow  fever  as  that  experienced  by  the 
French.^® 

It  is  easy  to  forget  and  time  rapidly  dims  even  the  brightest  records. 
Hence,  it  does  not  seem  amiss  to  recall  once  more  the  tremendous 
world-wide  impression  made  by  the  sanitary  victories  in  Havana  and 
Panama.  For  instance,  when  Gorgas  visited  London  in  1914  he  received, 
according  to  Osler,  the  greatest  ovation  ever  given  a  medical  man  in 
England.  Oxford  University  held  a  spécial  convocation  to  confer  upon 
him  the  honorary  degree  of  Doctor  of  Science.  At  home,  the  President 
made  him  Surgeon  General  of  the  Army,  and  The  Congress  about  a 
year  later  made  him  a  Major  General,  at  that  time  an  almost  unprece- 
dented  rank  for  a  medical  officer.  He  served  his  country  with  distinc- 
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tion  in  this  high  office  during  the  World  War.  After  retiring  from  the 
army  in  1918,  at  the  âge  limit,  he  went  to  South  America  as  director  of 
a  yellow  fever  commission,  under  the  auspices  of  The  Rockefeller 
Foundation. 

In  1920,  in  London,  Gorgas  became  ill  and  was  taken  to  the  Queen 
Alexandra  Military  Hospital.  There  he  was  knighted  by  George  V, 
receiving  from  the  King’s  hand  the  insignia  of  Knight  Commander  of 
the  Most  Distinguished  Order  of  St.  Michael  and  St.  George.  A  few 
days  after  receiving  this  knighthood,  Gorgas  died  and  was  given  the 
funeral  of  a  British  Major  General  in  St.  Paul’s  Cathédral,  the  highest 
honor  that  Britain  could  bestow.  Later,  his  body  lay  in  State  for  four 
days  in  Washington,  and  at  the  Church  of  the  Epiphany  an  illustrious 
assembly  gathered  to  pay  last  respects  to  this  man  whom  the  Lancet 
called  “the  best  known  and  most  uniformly  successful  medical  adminis- 
trator  not  of  his  âge  alone  but  of  any  âge.” 

The  Présent 

In  this  second  quarter  of  the  twentieth  century  malariology  has 
shared  in  the  general  advance  of  science.  It  is  not  possible  here  to  do 
more  than  to  cite  three  notable  lines  of  progress. 

The  Synthetîc  Anthnalarials 

Paul  Ehrlich  found,  in  1891,  that  methylene  blue  will  stain  malaria 
parasites  and  he  hoped  that  it  would  therefore  act  therapeutically  by 
damaging  the  parasites  in  human  blood.  When  its  chemotherapeutic 
action  was  found  to  be  slight,  investigators  modified  its  Chemical  struc¬ 
ture,  hoping  to  enhance  the  plasmocidal  efîect.  This  line  of  study  finally 
led  by  devions  paths  to  the  synthesis  of  plasîJtochin,  in  1924,  by  Schule- 
mann  and  his  colleagues  in  Germany,  and  of  atabrme  in  1930  by 
Kikuth,  Mietzsch  and  Mauss  in  the  same  place.  Neither  of  these  drugs 
is  synthetic  quinine.  Plasmochin  is  a  quinoline  dérivative.  Atabrinc  is 
a  yellow  dye  derived  from  acridine.  Plasmochin  was  found  to  be  unique 
in  its  efïectiveness  against  gamétocytes,  especially  those  of  F.  falciparum, 
and  in  its  relative  inefîectiveness  against  the  schizonts  of  this  same 
species.  Atabrine  was  found  to  resemble  quinine  in  its  action  against 
ail  species  of  schizonts  and  in  its  weakness  in  afîecting  any  of  the 
gamétocytes.  Quinine,  plasmochin,  and  atabrine  are  alike  in  their  inabil- 
ity  in  a  percentage  of  cases  to  cure  without  the  occurrence  of  relapses. 
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and  in  their  f allure,  in  safe  doses,  to  prevent  infection  by  sporozoites. 
None  of  the  three  bas  been  found  to  be  a  true  causal  prophylactic, 
although  each  in  small  doses  tends  to  suppress  clinical  symptoms.  AU 
three  may  exhibit  toxic  effects,  quinine  least  and  plasmochin  most  often. 

Atabrine  is  by  no  means  a  perfect  substitute  for  quinine  but  it  is, 
nevertheless,  a  fairly  effective  antimalarial,  now  (fortunately)  being 
manufactured  on  a  large  scale  in  the  United  States,  England,  and  Rus- 
sia.  The  Germans  also  are  using  extensively  tablets  of  their  own  manu¬ 
facture. 

There  is  stül  no  drug  which  is  sufîîciently  effective  to  justify  the  use 
of  chemoprophylaxis  to  eradicate  malaria  from  communities.  However, 
in  spite.of  the  fact  that  neither  plasmochin  nor  atabrine  has  proved 
to  be  that  potent  Chemical  wand  so  eamestly  desired,  yet  these  drugs 
do  represent  a  notable  forward  step  in  malaria  therapy. 

Fyrethrum  Spray -Killing 

There  is  a  chrysanthemum  indigenous  to  Dalmatia,  growing  in  the 
fields  like  a  small  yellow  daisy.  The  full  blown  flower  of  this  plant 
contains  active  principles,  called  pyrethrins,  which  are  deadly  to  insects. 
This  latter  fact  has  been  known  for  many  years  in  agriculture  and 
public  health  and  the  dried  pyrethrum  flowers  hâve  become  an  impor¬ 
tant  item  of  trade,  so  that  large  pyrethrum  plantations  hâve  been 
developed  in  Japan,  Kenya,  and  lately,  in  India. 

Pyrethrins  are  contact  poisons  to  which  the  cuticle  of  a  mosquito  is 
permeable.  The  toxic  effect  is  seen  chiefly  in  a  destructive  action  on  the 
central  nervous  system.^^  Kerosene  extracts  of  pyrethrum  hâve  long 
been  in  household  use  against  mosquitoes  but  only  recently  has  it  become 
apparent  that  pyrethrum  spray-kiUing  in  many  rural  tropical  areas  is 
the  best  weapon  available  for  malaria  control,  in  fact  it  is  the  only  one 
which  is  fînanciaUy  feasible  în  much  of  the  rural  tropics.  Standard  use 
of  larvicides  or  of  drainage  and  fîlling,  or  of  screening  has  been  far 
beyond  the  pocketbooks  of  these  areas. 

If  the  adult  malaria-carrying  mosquitoes  of  a  community  can  be 
destroyed  before  they  hâve  lived  long  enough  to  become  infective  then 
malaria  transmission  in  that  community  ceases.  In  villages  where  the 
malaria  vector  mosquito  species  tends  to  remain  inside  huts,  cowsheds 
or  outbuildings  accessible  to  spray-killing,  it  is  possible  by  spraying  thor- 
oughly  once  a  week  with  pyrethrum  to  break  the  chain  of  infection  and 
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thus  to  control  malaria,  at  a  cost  which  is  considerably  less  than  the 
cost  of  malaria  and  is  not  beyond  the  économie  potentialities  of  the 
tropics. 

This  is  notable  progress  which  may  be  further  enhanced  by  newer 
methods  of  dispensing  the  spray. In  1935  it  seemed  true  to  State  about 
the  tropics  that,  “so  far  as  average  rural  areas  are  concerned,  the  prob- 
lem  of  control  is  still  unsolved  .  .  .  it  appears  that  we  hâve  no  economic- 
ally  feasible  control  measures.”^^  In  1942,  experiments  in  rural  South 
India  proved  that  the  malaria  chain  can  be  broken,  in  typical  small  vil¬ 
lages,  at  per  capita  costs  around  $0.08  per  year,  which  are  economically 
feasible  even  in  India. 

Species  Eradication 

In  1930,  Shannon,  an  entomologist  on  the  staff  of  The  Rockefeller 
Foundation,  reported  that  he  had  found  Anopheles  gamhiae  in  Brazil. 
This  was  of  great  interest  because  gambiae  is  a  notorious  African  spe¬ 
cies.  Apparently  a  fast  French  destroyer  had  taken  this  deadly  mosquito 
from  Dakar  to  Natal,  and  the  stowaway  had  succeeded  in  colonizing  in 
the  New  World. 

By  1931  the  species  had  spread  115  miles  up  the  coast  stimulating 
local  antimalaria  campaigns  along  conventional  lines.  These  had  some 
success  and  lulled  the  Health  Department  into  a  sense  of  complacency 
which  was  completely  shattered  in  1938  when  gannbiae  caused  what 
was  probably  the  greatest  épidémie  of  malaria  ever  seen  in  the  Amer- 
icas.  During  the  first  six  months  there  were  over  100,000  cases  with  at 
least  14,000  deaths.'"^^  It  became  apparent  that  the  African  invaders  had 
colonized  for  more  than  200  miles  i)orth  and  west  of  Natal.  This  Afri¬ 
can  species  threatened  to  invade  ail  of  northern  Brazil  from  which  it 
might  push  on  into  Central  America,  with  devastating  results. 

Displaying  great  courage,  the  Brazilian  Government  decided  to 
attempt  not  merely  the  usual  antimalaria  measures  but  an  actual  éradica¬ 
tion  of  every  gambiae  mosquito  in  the  country.  This  complété  extirpa¬ 
tion  of  a  species  of  mosquito  had  never  been  accomplished  in  any  land 
at  any  time.  A  poil  of  experienced  malariologists  would  doubtless  hâve 
judged  it  an  impossibility,  for  gambiae  has  the  habit  of  breeding  in  ail 
types  of  water  collections,  large  and  small. 

By  presidential  decree,  in  1939,  the  Malaria  Service  of  Northeast 
Brazil  was  created.  It  was  organized  as  an  oeccà-ganirbiae  rather  than 
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anti-malaria  service.  Under  the  guidance  of  Soper  and  Wilson,  of  the 
staff  of  The  Rockefeller  Foundation,  this  Brazilian  organization,  much 
of  which  had  had  years  of  training  in  2inti-Aedes  work,  grew  to  be 
4,000  strong,  and  was  allotted  total  budgets  of  more  than  two  million 
dollars.  The  whole  infested  area,  and  a  little  beyond,  was  divided  into 
squares  of  workable  size;  an  adéquate  control  gang  was  assigned  to  each 
square;  and  there  was  simultaneous  and  meticulous  application  of  Paris 
green  to  breeding  places  and  of  pyrethrum  spray-killing  to  adult  rest- 
ing  places.  The  resuit  of  this  determined,  systematic  and  overw  helming 
attack  was  what  now  seems  almost  certainly  to  hâve  been  the  complété 
éradication  of  gcnnbiae  from  northeast  Brazil  and  thus  from  the  New 
World.  The  last  evidence  of  gmnbïae  in  this  area  was  found  on  Novem- 
ber  14,  1940.  Since  January,  1941,  ail  ^nxx-gcmrbïae  measures  hâve  been 
suspended;  a  large  staff  of  trained  men  hâve  been  constantlv  combing 
the  area  and  contiguous  zones  for  gambiae,  and  there  has  been  a  stand¬ 
ing  cash  reward  for  fînding  it.  Not  a  single  living  gambiae  lan  a  or  adult 
could  be  found  in  1941  or  1942.  (But  some  dead  adults  wcre  found  in 
an  airplane  from  Africa  in  1942,  illustrating  clearly  the  need  for  com¬ 
plété  enforcement  of  the  pyrethrum  spray-killing  régulation  for  ail 
airplanes  arriving  in  Brazil  from  Africa.) 

This  is  a  very  great  achievement,  a  sanitary  triumph,  which  marks 
the  start  of  a  new  era  in  the  fight  against  malaria.  Great  though  the 
cost  of  the  Brazilian  campaign,  it  was  very  much  less  than  the  toll  which 
gambiae  would  hâve  exacted  in  the  long  run  had  it  been  onlv  curbed 
by  usual  antimalaria  measures  rather  than  extirpated  by  a  new  and  bold 
technique.  This  success  suggests  similar  possibilities  in  other  parts  of 
the  World.  It  is  no  longer  certain  that  the  malaria-carrying  mosquitoes  of 
a  country  could  never  be  exterminated. 

With  large  numbers  of  men  well-trained  in  mosquito  and  ni<ilaria 
control  work  returning  from  overseas  after  the  war,  with  the  need  for 
progressive  post-war  public  health  planning,  with  a  genius  for  organiza¬ 
tion,  and  with  money,  it  is  certainly  within  reason  to  believe  that 
malaria,  if  not  the  last  mosquito  vector,  could  be  eradicated  from  the 
United  States. 

The  Future 

There  are  certain  trends  in  malaria  research  which  may  be  taken  as 
some  indication  of  what  the  future  may  bring. 
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Antwmlarials 

For  instance,  there  is  a  tremendous  amount  of  Chemical,  pharmaco- 
logical,  and  clinical  research  going  forward  at  the  présent  time  in  a 
detemiined  and  intensive  search  for  an  antimalarial  chemotherapeutic 
agent  which  will  not  hâve  the  deficiencies  of  quinine,  plasmochin,  and 
atabrine^  The  need  is  apparent  when  it  is  recalled  that  not  one  of  this 
trio  will  cure  with  certainty,  not  one  is  a  true  prophylactic  drug,  and 
not  one  is  of  much  value  in  the  control  of  community  malaria.  Clark 
and  his  colleagues^®  as  an  experiment,  tried  for  ten  years  to  control 
malaria  in  some  Panamanian  communities  by  means  of  these  drugs. 
They  concluded  that  it  was  impossible  by  mass  treatments  to  reduce  the 
parasites  to  a  point  where  malaria  transmission  in  a  community  was 
much  lessened. 

It  seems  reasonable  to  hope  that  a  more  effective  antimalarial  will 
be  devcloped  in  the  not  too  distant  future. 

hmmmity 

As  the  science  of  immunology  develops  it  is  probable  that  the  im- 
munity  factor  in  malaria  will  assume  more  importance.  Whether  vac¬ 
cines  and  sérums  will  ever  hâve  a  practical  place  in  combating  malaria 
is  a  matter  for  spéculation,  with  some  evidence  that  some  day  a  way 
may  be  found  to  make  them  useful.^^'^® 

Retîioval  of  Social  Obstacles 

Probably  the  greatest  advance  in  the  future  will  be  the  removing 
of  some  of  the  social  obstacles  which  block  rapid  progress  in  malaria 
control.  Surely,  it  is  amazing  that,  with  ail  of  our  laboratory  and  field 
knowledge  of  malaria  and  its  anopheline  carriers,  with  ail  of  our  potent 
weapons  of  oil  and  Paris  green,  screens  and  pyrethrum,  drainage  and 
water-manipulation,  with  brilliant  examples  of  successful  projects,  with 
our  repeated  démonstrations  that  it  is  cheaper  to  control  malaria  than  to 
pay  the  économie  toll  it  exacts  from  its  victims— with  ail  this,  malaria 
control  in  the  middle  period  of  the  twentieth  century  is  still  such  a 
feeble  effort.  Is  this  due  to  insufîîcient  knowledge,  inefficient  tools, 
paucity  of  funds?  Or  is  our  social  organization  unable  to  apply  effect- 
ively  the  money,  potential  labor,  existing  weapons  of  control,  and 
wealth  of  expérience  and  research  fîndings? 
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The  answer  to  the  quesrion,  “Why  malaria?”  seems  to  invoive  cer¬ 
tain  social  obstacles  to  malaria  control.  Over  widespread  areas,  particu- 
larly  in  the  tropics,  these  appear  to  consist  of  such  social  facts  as  (i) 
a  fundamental  absence  of  educated  and  effective  public  opinion  as 
regards  the  économie  importance  of  malaria,  the  methods  available  for 
its  control,  and  the  community’s  responsibilities  for  its  prévention;  (2) 
a  surprisingly  limited  use  of  sound  administrative  principles  in  public 
health,  so  that  coordination  and  coopération  between  departments  does 
not  exist,  and  continuity  of  effort  in  dealing  with  malaria  is  rare;  (3)  a 
lack  of  sufficient  numbers  of  personnel  specially  trained  in  the  entomo- 
logical,  agricultural,  engineering,  and  public  health  phases  of  malariol- 
ogy;  (4)  a  lack  of  cognizance  by  public  officiais  as  to  the  cost  of 
malaria  and  the  public  benefit  to  be  derived  from  its  control;  (5)  a 
widespread  ineptness  in  applying  effectively  and  practically  the  results 
of  research  in  malariology.^® 

What  BemaP^  wrote  about  science  in  general  may  be  said  of  malaria 
control:  “The  obstacles  to  the  solution  of  the  problem  are  not  any 
longer  mainly  physical  or  biological  obstacles;  they  are  social  obstacles.” 
It  seems  incredible  that  malaria  still  can  be  so  great  a  scourge,  for  it  is 
a  preventable  disease  regarding  which  we  possess  as  complété  knowl¬ 
edge  as  for  any  human  malady.  The  literature  on  malaria  stretches  back 
2,000  years,  grows  actively,  and  has  become  enormous.  There  hâve 
been  devised  potent  weapons  for  treatment  and  control.  But  malaria 
persists,  of  ail  diseases  today  probably  the  most  effective  barrier  to  pros- 
perity,  contentment,  and  health.  What  a  paradox!  Man,  with  his  incred¬ 
ible  machines  and  his  streamlined  science,  stricken  each  year  in  millions 
because  he  fails  to  outwit  a  mosquito  carrying  Death  in  its  spittleî 
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